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SUMMARY 
The p r i m a r y p u r p o s e of t h i s r e s e a r c h was t o t e s t t h e h y p o t h e s i s 
t h a t t h e r e i s no s i g n i f i c a n t d i f f e r e n c e i n t h e c o n s i s t e n c y of f o u r 
methods u s e d i n s t o p - w a t c h t i m e s t u d i e s f o r t i m i n g a n d r a t i n g work 
a c t i v i t y . The s e c o n d a r y o b j e c t i v e was t o d e t e r m i n e t h e s o u r c e s of 
v a r i a t i o n i n t h e c o n s i s t e n c y of t h e f o u r m e t h o d s . 
By u s i n g one of t h e f o u r methods on e a c h of f o u r m o t i o n p i c t u r e s 
f i l m s of a n i n d u s t r i a l o p e r a t i o n , a sample of 12 e x p e r i e n c e d t i m e 
s t u d y men c o l l e c t e d t h e o r i g i n a l d a t a of t h i s s t u d y . Normal t i m e v a l u e s 
f o r e a c h man u s i n g e a c h method were c a l c u l a t e d , a n d f rom t h e s e v a l u e s 
t h e c o r r e c t n o r m a l t i m e v a l u e s were s u b t r a c t e d . The r e m a i n d e r s were 
u s e d i n two a n a l y s i s of v a r i a n c e t e s t s : one c o n c e r n i n g n o r m a l t i m e 
v a l u e s f o r t h e f o u r methods a n d t h e o t h e r c o n c e r n i n g no rma l t i m e v a l u e s 
f o r t h r e e of t h e m e t h o d s . 
Method A c o n s i s t e d of t i m i n g and r a t i n g e a c h c y c l e of t h e 
o p e r a t i o n . Method B c o n s i s t e d of t i m i n g e a c h e l e m e n t of e a c h c y c l e 
a n d r a t i n g e a c h c y c l e . Method C c o n s i s t e d of t i m i n g a n d r a t i n g e a c h 
e l e m e n t of e a c h c y c l e . Method D c o n s i s t e d of t i m i n g e a c h e l e m e n t of 
e a c h c y c l e a n d d e t e r m i n i n g a r a t i n g f a c t o r f o r e a c h e l e m e n t by c o n s i d e r ­
i n g t h e o p e r a t o r ' s l e v e l of p e r f o r m a n c e d u r i n g a l l r e p e t i t i o n s of 
t h a t e l e m e n t . 
B a s e d on t h e r e s u l t s of t h e s t a t i s t i c a l a n a l y s i s of t h e d a t a of 
t h i s r e s e a r c h a n d w i t h i n t h e l i m i t a t i o n s a s s t a t e d , t h e g e n e r a l 
c o n c l u s i o n s r e a c h e d were a s f o l l o w s : 
i x 
1 . The r e s u l t s of t h i s i n v e s t i g a t i o n do n o t i n d i c a t e a n y 
s i g n i f i c a n t d i f f e r e n c e i n t h e c o n s i s t e n c y of t h e f o u r methods 
i n m e a s u r i n g n o r m a l t i m e f o r m a n u a l , o p e r a t o r - c o n t r o l l e d work 
a c t i v i t y . 
2 . B a s e d upon t h e r e s u l t s of t h i s e x p e r i m e n t , s e l e c t i o n a n d u s e 
of one of t h e f o u r methods of t i m i n g a n d r a t i n g s h o u l d 
depend t o some e x t e n t upon t h e i n d i v i d u a l t i m e s t u d y man. 
The f i n a l s e l e c t i o n of a p a r t i c u l a r method s h o u l d t a k e i n t o c o n s i d e r a t i o n 
s u c h a d d i t i o n a l f a c t o r s a s a b i l i t y t o d e t e c t minor methods d e v i a t i o n s 
when t i m i n g e l e m e n t s , u s e of e l e m e n t a l t i m e v a l u e s i n t h e d e s i g n of 
p r e d e t e r m i n e d t i m e s y s t e m s , and u s e of e l e m e n t t i m e v a l u e s a n d c y c l e r a t i n g 
f a c t o r s i n t h e deve lopmen t of s t a n d a r d d a t a s y s t e m s . 
I t was recommended t h a t a n o t h e r s t u d y be made on o t h e r o p e r a t i o n s 
t o t e s t t h e above c o n c l u s i o n s . I t was s u g g e s t e d t h a t i n a n y f u r t h e r 
e x t e n s i o n of t h i s s t u d y t h e t i m e s t u d y men make t h e o b s e r v a t i o n s i n t h e 
a c t u a l i n d u s t r i a l e n v i r o n m e n t of t h e o p e r a t i o n s i n o r d e r t o a v o i d some 




F r e d r i c k V. T a y l o r c l a i m e d t h a t Time S t u d y was t h e b a s i s f o r t h e 
major p o r t i o n of S c i e n t i f i c Management. S i n c e t h e t i m e of t h e p i o n e e r s 
i n t h e f i e l d of Time S t u d y , many t h e o r i e s , r u l e s , t e c h n i q u e s , c o n t e n t i o n s , 
and a s s u m p t i o n s , have b e e n a d v o c a t e d by i t s p r a c t i t i o n e r s . Some of t h e s e 
t h e o r i e s , e t c . , have b e e n c r i t i c a l l y examined a n d found t o be l a c k i n g 
a n y f u n d a m e n t a l l y sound b a s i s . O t h e r s have been a c c e p t e d a n d a p p l i e d , 
somet imes e v e n m i s a p p l i e d , w i t h a b l i n d b e l i e f I n t h e s o u n d n e s s and t h e 
t r u t h f u l n e s s of t hem. Such p r o c e d u r e on t h e p a r t of t h e p e o p l e who c l a i m 
t o be b e l i e v e r s i n Time S tudy h a s harmed and can c o n t i n u e t o do harm 
t o t h e s c i e n t i f i c n a t u r e which i s c l a i m e d f o r t h e f i e l d . I t i s o n l y 
w i t h a c r i t i c a l e x a m i n a t i o n of t h e t h e o r i e s a n d t e c h n i q u e s of Time Study-
t h a t i t s p r a c t i t i o n e r s c a n hope t o a c h i e v e t h e p r o f e s s i o n a l s t a t u s f o r 
which t h e y s o e a r n e s t l y s t r i v e . 
I f t h e a d j e c t i v e " s c i e n t i f i c " i s t o b e a p p l i e d t o t h e p h i l o s o p h y 
a n d p r a c t i c e of Time S t u d y , i t wou ld seem i m p o r t a n t t o c o n s i d e r a n d 
examine t h e v a l i d i t y , c o n s i s t e n c y a n d a c c u r a c y of Time S t u d y a s i t I s 
p r a c t i c e d . 
In o r d e r t o examine a n d d i s c u s s Time S t u d y p r a c t i c e s , i t i s only-
l o g i c a l t h a t t h e s u b j e c t be d e f i n e d — i f f o r no o t h e r r e a s o n t h a n t o 
i n s u r e b e t t e r u n d e r s t a n d i n g among t h e d i s c u s s e r s . T h r e e d e f i n i t i o n s 
were s e l e c t e d t o p r o v i d e a s r e p r e s e n t a t i v e a n example a s p o s s i b l e a n d 
a l s o t o i n d i c a t e t h e r e l a t i v e l y s m a l l amount of v a r i a t i o n i n t h e 
d e f i n i t i o n of Time S t u d y f rom t h e d a y s of i t s i n c e p t i o n t o t h e p r e s e n t 
t i m e . 
The f i r s t d e f i n i t i o n i s "by F . W. T a y l o r , a s q u o t e d "by L e n g . I t 
i s a s f o l l o w s : 
Time S t u d y c o n s i s t s of two "broad d i v i s i o n s , f i r s t , a n a l y t i c a l 
work , a n d s e c o n d , c o n s t r u c t i v e work . 
The a n a l y t i c a l work of t i m e s t u d y i s a s f o l l o w s : 
( a ) D i v i d e t h e work of a man p e r f o r m i n g any j o b i n t o s i m p l e 
e l e m e n t a r y movements . 
(b ) P i c k o u t a l l u s e l e s s movements a n d d i s c a r d t h e m . 
( c ) S t u d y , one a f t e r a n o t h e r , j u s t how e a c h of s e v e r a l s k i l l e d 
workmen make e a c h e l e m e n t a r y movement, a n d w i t h t h e a i d of a s t o p ­
w a t c h s e l e c t t h e q u i c k e s t a n d b e s t method of making e a c h e l e m e n t a r y 
movement known i n t h e t r a d e . 
(d ) D e s c r i b e , r e c o r d a n d i n d e x e a c h e l e m e n t a r y movement, w i t h 
i t s p r o p e r t i m e , s o t h a t i t c a n be p r o m p t l y f o u n d . 
( e ) S t u d y a n d r e c o r d t h e p e r c e n t a g e which must be a d d e d t o t h e 
a c t u a l w o r k i n g t i m e of a good workman t o c o v e r u n a v o i d a b l e d e l a y s , 
i n t e r r u p t i o n s , a n d minor a c c i d e n t s , e t c 
( f ) S t u d y a n d r e c o r d t h e p e r c e n t a g e wh ich must b e a d d e d t o 
c o v e r t h e newness of a good workman t o a J o b , t h e f i r s t few t i m e s 
t h a t he does i t . ( T h i s p e r c e n t a g e i s q u i t e l a r g e on j o b s made up 
of a l a r g e number of d i f f e r e n t e l e m e n t s compos ing a l o n g s e q u e n c e 
i n f r e q u e n t l y r e p e a t e d . T h i s f a c t o r grows s m a l l e r , howeve r , a s t h e 
work c o n s i s t s of a s m a l l e r number of d i f f e r e n t e l e m e n t s i n a 
s e q u e n c e t h a t i s more f r e q u e n t l y r e p e a t e d . ) 
( g ) S t u d y a n d r e c o r d t h e p e r c e n t a g e of t i m e t h a t mus t be a l l o w e d 
f o r r e s t , a n d t h e i n t e r v a l s a t which t h e r e s t mus t be t a k e n , i n 
o r d e r t o o f f s e t p h y s i c a l f a t i g u e . 
( h ) Add t o g e t h e r i n t o v a r i o u s g r o u p s s u c h c o m b i n a t i o n s of 
e l e m e n t a r y movements a s a r e f r e q u e n t l y u s e d i n t h e same s e q u e n c e 
i n t h e t r a d e , and r e c o r d a n d i n d e x t h e s e g r o u p s s o t h a t t h e y c a n 
be r e a d i l y f o u n d . 
( i ) I*om t h e s e s e v e r a l r e c o r d s , i t i s c o m p a r a t i v e l y e a s y t o 
s e l e c t t h e p r o p e r s e r i e s of m o t i o n s wh ich s h o u l d b e u s e d by a work­
man i n making any p a r t i c u l a r a r t i c l e , a n d by summing t h e t i m e s of 
3 
t h e s e movements , a n d a d d i n g p r o p e r p e r c e n t a g e a l l o w a n c e s , t o f i n d 
t h e p r o p e r t ime f o r d o i n g a l m o s t any c l a s s of work . 
( k ) The a n a l y s i s of a p i e c e of work i n t o i t s e l e m e n t s a l m o s t 
a l w a y s r e v e a l s t h e f a c t t h a t many of t h e c o n d i t i o n s s u r r o u n d i n g a n d 
accompany ing t h e work a r e d e f e c t i v e ; f o r i n s t a n c e , t h a t improper 
t o o l s a r e u s e d , t h a t t h e mach ines u s e d I n c o n n e c t i o n s w i t h i t n e e d 
p e r f e c t i n g , t h a t t h e s a n i t a r y c o n d i t i o n s a r e "bad, e t c And know­
l e d g e s o g a i n e d l e a d s f r e q u e n t l y t o c o n s t r u c t i v e work of a h i g h 
o r d e r , t o t h e s t a n d a r d i z a t i o n of t o o l s a n d c o n d i t i o n s , t o t h e 
i n v e n t i o n of s u p e r i o r methods a n d mach ines ( 1 ) . 
About kO y e a r s a f t e r T a y l o r gave h i s u n d e r s t a n d i n g of t h e n a t u r e 
of Time S t u d y , a s q u o t e d a b o v e , B a r n e s g i v e s , i n h i s p o p u l a r t e x t on t h e 
s u b j e c t , h i s d e f i n i t i o n of Time S t u d y a s f o l l o w s : "Time S t u d y I s u s e d 
t o d e t e r m i n e t h e t i m e r e q u i r e d by a q u a l i f i e d p e r s o n w o r k i n g a t a no rma l 
p a c e t o do a s p e c i f i e d t a s k ( 2 ) . " Nad l e r i n h i s r e c e n t t e x t g i v e s t h e 
f o l l o w i n g d e f i n i t i o n : "Time s t u d y d e t e r m i n e s t h e amount of t i m e t h a t 
s h o u l d be t a k e n on a n o p e r a t i o n or e l e m e n t of o p e r a t i o n ( 3 ) . " 
From a n e x a m i n a t i o n of t h e s e t h r e e d e f i n i t i o n s i t c a n be s e e n t h a t 
Time S t u d y c o n s i s t s m a i n l y of m e a s u r e m e n t s . P r e s g r a v e c o n t e n d s t h a t 
Time S t u d y i s n o t h i n g b u t a s y s t e m of m e a s u r e m e n t . He s t a t e s : 
Time S t u d y f u n d a m e n t a l l y c o n s i s t s of two m e a s u r e m e n t s , one of 
wh ich i s t h e b a s i c measurement a n d t h e o t h e r of w h i c h i s t h e c o r r e c t i o n 
f a c t o r . 
The re c a n b e no o t h e r b a s i c measurement a n d no o t h e r c o r r e c t i o n 
f a c t o r w i t h i n t h e c o n c e p t of Time S t u d y a s measurement ( 4 ) . 
A c c e p t i n g Time S t u d y a s a s y s t e m of m e a s u r e m e n t , t h e n t h e r e a r e t h r e e 
c h a r a c t e r i s t i c s of t h i s "measurement" which a r e p a r t i c u l a r l y p e r t i n e n t . 
These c h a r a c t e r i s t i c s a r e v a l i d i t y , c o n s i s t e n c y and a c c u r a c y . I t i s 
w i t h c o n t i n u i n g e f f o r t s t o make Time S t u d y more v a l i d , more c o n s i s t e n t , 
a n d more a c c u r a t e t h a t i t s p r a c t i c e w i l l be b a s e d on f u n d a m e n t a l l y s o u n d , 
s c i e n t i f i c p r i n c i p l e s a n d l a w s , r a t h e r t h a n " r u l e - o f ' t h u m b " t e c h n i q u e s . 
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LITERATURE SURVEY 
Having d e t e r m i n e d t h a t Time S t u d y i s a s y s t e m of m e a s u r e m e n t s , 
a n d k e e p i n g i n mind t h e s e v e r a l d e f i n i t i o n s of Time S t u d y , we s h o u l d 
n e x t examine t h e method whereby t h e s e measu remen t s a r e made , I . e . , t h e 
p r e s e n t g e n e r a l p r a c t i c e of making s t o p - w a t c h t i m e s t u d i e s . 
I n s t o p - w a t c h t i m e s t u d i e s t h e r e a r e two main methods of o b t a i n ­
i n g t h e measurement of t h e a c t u a l t i m e r e q u i r e d t o p e r f o r m t h e 
p a r t i c u l a r o p e r a t i o n . The two methods a r e t h e s n a p - b a c k method a n d t h e 
c o n t i n u o u s me thod . I n t h e f i r s t , t h e s t o p - w a t c h i s r e t u r n e d t o i t s z e r o 
p o s i t i o n a t t h e end of e a c h p e r i o d of t i m e b e i n g r e c o r d e d . I n t h e 
l a t t e r m e t h o d , t h e w a t c h i s a l l o w e d t o r u n c o n t i n u o u s l y t h r o u g h o u t t h e 
t o t a l t i m e of t h e s t u d y ; t i m e v a l u e s b e i n g o b t a i n e d by s u b t r a c t i n g t h e 
r e a d i n g a t t h e s t a r t of a p a r t i c u l a r t i m e e l e m e n t f rom t h e r e a d i n g a t t h e 
e n d of t h a t e l e m e n t ( 5 ) . 
P r i o r t o t h e a c t u a l r e c o r d i n g of t h e t i m e v a l u e s , t h e o p e r a t i o n 
u n d e r s t u d y i s b r o k e n down i n t o c e r t a i n c o n s t i t u e n t p a r t s known a s 
e l e m e n t s . The breakdown of a n o p e r a t i o n I n t o I t s s m a l l e l e m e n t s was a 
r e s u l t of t h e a d v e n t of mass p r o d u c t i o n w i t h i t s c o r r e s p o n d i n g breakdown 
of l e n g t h y o p e r a t i o n s p e r f o r m e d by s k i l l e d c r a f t s m e n i n t o s h o r t o p e r a t i o n s 
p e r f o r m e d by s e m i - s k i l l e d o r u n s k i l l e d w o r k e r s ( 6 ) , L i t t a u r a n d A b r u z z i 
f o u n d i n t h e i r s u r v e y t h a t t h e f o u r major c r i t e r i o n s u s e d i n d e t e r m i n i n g 
e l e m e n t a l b reakdown a r e n a t u r a l a n d d e f i n i t e b r e a k s , c o n s t a n t a n d 
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v a r i a b l e e l e m e n t s , s m a l l e s t e l e m e n t s c o n s i s t e n t w i t h a c c u r a c y a n d 
o b s e r v e r ' s judgement ( 7 ) . 
Once t h e method of t i m i n g a n d c y c l e breakdown h a s b e e n d e t e r m i n e d , 
t h e n e x t s t e p i n t h e p r a c t i c e of s t o p - w a t c h t i m e s t u d y i s t h e d e t e r m i n a t i o n 
of t h e number of c y c l e s t o be o b s e r v e d or t h e l e n g t h of t h e s t u d y . 
There seems t o be no u n i f o r m s y s t e m of d e t e r m i n i n g t h e l e n g t h of 
t h e s t u d y i n g e n e r a l p r a c t i c e t o d a y . I n 1933 > one a u t h o r i t y s t a t e d 
t h a t t h e number of o b s e r v a t i o n s t o be made was a m a t t e r wh ich c o u l d n o t 
be d e f i n i t e l y f i x e d a n d mus t be l e f t t o t h e judgement of t h e o b s e r v e r ( 8 ) . 
P r a c t i c a l l y t h e same s t a t e m e n t was made by two more r e c e n t w r i t e r s ( 9 , 1 0 ) . 
A s u r v e y f o u n d t h a t t h e t h r e e major c r i t e r i o n s f o r d e t e r m i n i n g t h e 
number of c y c l e s t o be o b s e r v e d t o a t t a i n r e l i a b l e r e s u l t s a r e p a s t 
e x p e r i e n c e on s i m i l a r o p e r a t i o n s , l e n g t h of e l e m e n t s or l e n g t h of c y c l e 
a n d s u f f i c i e n t r e p e t i t i o n of c e r t a i n r e a d i n g s ( 1 1 ) . A more r e c e n t 
a r t i c l e g i v e s t h r e e main " s c h o o l s " of t h o u g h t on t h e s u b j e c t of number 
of o b s e r v a t i o n s . The t h r e e s c h o o l s a r e " s t r e n g t h i n number s " s c h o o l , 
" s e l e c t i o n of c o r r e c t v a l u e " s c h o o l a n d " s t a t i s t i c a l a n a l y s i s " s c h o o l ( 1 2 ) . 
A n o t h e r major measurement which i s g e n e r a l l y made i n s t o p - w a t c h 
t ime s t u d y i s t h e one of r a t i n g . The ma in methods of d e t e r m i n i n g t h e 
r a t i n g f a c t o r s a r e : 
1 . R a t i n g t h e o v e r a l l s t u d y . 
2 . D e t e r m i n i n g a r a t i n g f a c t o r f o r e a c h e l e m e n t . 
3 . R ^ t e e a c h e l e m e n t a n d r e c o r d t h e r a t i n g when t h e e l e m e n t i s 
t i m e d ( 1 3 ) . 
The l a s t measurement t o be made i s t h e d e t e r m i n a t i o n of a l l o w a n c e s . 
T h i s c o r r e c t i o n f a c t o r may be t h o u g h t of a s b e i n g composed of t h r e e 
s e p a r a t e f a c t o r s . These t h r e e n o r m a l l y a r e p e r s o n a l a l l o w a n c e s , f a t i g u e 
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a l l o w a n c e s , a n d d e l a y a l l o w a n c e s ( 1 4 ) . The amount of p e r c e n t a g e of t i m e 
a l l o w e d f o r p e r s o n a l n e e d s a n d f o r u n a v o i d a b l e d e l a y s may be d e t e r m i n e d 
b y a l l - d a y s t u d i e s of v a r i o u s o p e r a t i o n s ( 1 5 , 1 6 ) . As f o r t h e amount of 
a l l o w a n c e s t o p e r m i t f o r f a t i g u e , some w r i t e r s (17 ) b e l i e v e t h a t i t i s 
p o s s i b l e t o d e t e r m i n e i t by a l l - d a y t i m e s t u d y a n d t h e u s e of c e r t a i n 
f o r m u l a s , w h i l e a n o t h e r ( 18 ) t h i n k s t h a t t h e r e i s no s a t i s f a c t o r y way t o 
measure f a t i g u e . The g e n e r a l p r a c t i c e seems t o be f o r compan ies t o 
a l l o w a f i x e d amount or p e r c e n t a g e of t h e w o r k i n g day f o r f a t i g u e . The 
e x a c t amount of t i m e t h u s a l l o w e d may r a n g e from 10 m i n u t e s t o 30 m i n u t e s 
or m o r e . 
Once t h e t i m e v a l u e s have b e e n r e c o r d e d and t h e r a t i n g a n d 
a l l o w a n c e f a c t o r s b e e n d e t e r m i n e d , t h e l a s t s t e p i n making t h e t i m e s t u d y 
i s t h e c o m p u t a t i o n of t h e s t a n d a r d t i m e . 
The f i r s t s t e p i n t h e c o m p u t a t i o n of t h e s t a n d a r d t i m e i s t h e 
d e t e r m i n a t i o n of t h e s e l e c t e d t i m e , i . e . , t h e b a s i c t i m e v a l u e . The re a r e 
s e v e r a l d i f f e r e n t methods of d e t e r m i n i n g t h i s t ime v a l u e , t h e most common 
of which i s t h e a r i t h m e t i c a v e r a g e of t h e r e c o r d e d c y c l e t i m e s ( 1 9 ) . 
The n e x t s t e p i s t h e a p p l i c a t i o n of t h e r a t i n g f a c t o r t o d e t e r m i n e 
n o r m a l t i m e . One s u c h method f o r d o i n g t h i s i s by u se of t h e fo rmu la ( 2 0 ) : 
Normal Time = ( S e l e c t e d Time) X ( R a t i n g i n Pe r Cen t ) 
100 
The l a s t s t e p i s t h e a p p l i c a t i o n of t h e a l l o w a n c e f a c t o r t o 
d e t e r m i n e s t a n d a r d t i m e . One common method of d o i n g t h i s i s by u s e of 
t h e f o l l o w i n g fo rmula ( 2 1 ) : 
S t a n d a r d Time 1 Normal Time x —, i 2 2 _ 
(100 - A l l o w a n c e s i n <f>) 
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The r e s u l t i n g s t a n d a r d t i m e i s t h e t i m e r e q u i r e d "by a q u a l i f i e d o p e r a t o r , 
w o r k i n g a t n o r m a l p e r f o r m a n c e , t o c o m p l e t e t h e o p e r a t i o n ove r a l o n g 
p e r i o d of t i m e w i t h o u t undue f a t i g u e . I t I s , by t h e d e f i n i t i o n of t i m e 
s t u d y , t h e o b j e c t i v e of a l l such s t u d i e s . 
T h e r e a r e o t h e r g e n e r a l methods of d e t e r m i n i n g s t a n d a r d t i m e s , 
b u t t h e y w i l l n o t be d i s c u s s e d h e r e i n any d e t a i l a s t h e y a r e n o t w i t h i n 
t h e s cope of t h i s s t u d y . 
L e t u s now t a k e a c r i t i c a l l o o k a t s t o p - w a t c h t i m e s t u d y t o s e e 
what i t s weak p o i n t s migh t b e . T h i s c a n b e s t be done by e x a m i n i n g 
s e p a r a t e l y e a c h of t h e t h r e e measuremen t s i n v o l v e d : r a t i n g , a l l o w a n c e s , 
a n d b a s i c t i m e s . 
R a t i n g . - - R a t i n g h a s b e e n one of t h e a r e a s of Time S t a d y most f r e q u e n t l y 
a n d s e v e r e l y c r i t i c i z e d . One s t u d y on t h e l e v e l i n g , method of d e t e r m i n ­
i n g o p e r a t o r r a t e of i je r formance found t h a t t h i s method d o e s , i n g e n e r a l , 
i n d i c a t e t h e s p e e d w i t h which t h e work i s p e r f o r m e d , b u t does n o t t a k e 
i n t o c o n s i d e r a t i o n t h e improved d e t a i l e d methods t h e more s k i l l e d 
o p e r a t o r s a r e a b l e t o a c c o m p l i s h ( 2 2 ) . A n o t h e r a u t h o r s t a t e s t h a t 
i n c o n s i s t e n c y i n t h e d e f i n i t i o n s of a v e r a g e s k i l l , a v e r a g e w o r k i n g 
c o n d i t i o n s , f u l l y t r a i n e d o p e r a t o r s , e t c . , c a u s e s e r r o r s i n r a t i n g of 
t h e o p e r a t o r ' s p e r f o r m a n c e ( 2 3 ) . The r a t i n g s a s s i g n e d when t h e s t o p ­
w a t c h i s u s e d v a r y s i g n i f i c a n t l y from t h e r a t i n g s a s s i g n e d when n o t 
u s i n g t h e s t o p - w a t c h ; a l s o , t h e r a t i n g s a r e more c o n s i s t e n t when n o t 
u s i n g t h e s t o p - w a t c h (2k). 
A l l o w a n c e s , - - O n e a u t h o r i t y i n t h e f i e l d has r e p o r t e d t h e r e s u l t s of e x ­
t e n s i v e r e s e a r c h a t Pu rdue U n i v e r s i t y on t h e s u b j e c t of a l l o w a n c e s ( 2 5 ) . 
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A n o t h e r a u t h o r s t a t e s : "Al lowances do n o t modify p r e v i o u s r e c o r d i n g s ; 
t h e y m e r e l y add o t h e r r e c o r d i n g s t o them ( 2 6 ) . " S i n c e t h i s s t u d y w i l l 
n o t he c o n c e r n e d d i r e c t l y w i t h a l l o w a n c e s , i t i s i n t e n d e d o n l y t o p o i n t 
o u t t h a t r e s e a r c h has b e e n c o n d u c t e d i n t h i s a r e a of t i m e s t u d y p r a c t i c e . 
B a s i c T i m e s . - - D a v i s c l a i m e d t h a t t h e r e a r e c e r t a i n e r r o r s of m e a s u r e ­
ment i n t i m e s t u d y . He gave them t h e f o l l o w i n g c l a s s i f i c a t i o n : 
1 . E r r o r s i n t h e u s e of t h e m e a s u r i n g i n s t r u m e n t . 
2 . E r r o r s i n s e l e c t i o n of o b s e r v e d d a t a . 
3 . E r r o r s i n t h e c o n v e r s i o n of o b s e r v e d d a t a i n t o u s e f u l 
d a t a ( 2 7 ) . 
Leng , i n h i s s t u d y , i n v e s t i g a t e d t h e a c c u r a c y a n d r e l i a b i l i t y of t h r e e 
d i f f e r e n t t i m e m e a s u r i n g d e v i c e s ( 2 8 ) . He found t h a t t h e M a r s t o - c h r o n i s 
more a c c u r a t e a n d r e l i a b l e t h a n a v : m k - c o u n t e r , wh ich i s more accura te* 
a n d r e l i a b l e t h a n a s t o p - w a t c h . He a l s o d e t e r m i n e d t h e number of* 
o b s e r v a t i o n s t o b e made f o r e a c h i n s t r u m e n t ( 2 9 ) . A n o t h e r s t u d y 
i n v e s t i g a t e d t h e d i f f e r e n c e i n a c c u r a c y of r e a d i n g s t a k e n by c o n t i n u o u s 
a n d s n a p - b a c k methods of r e c o r d i n g t i m e e l e m e n t s a n d f o u n d t h a t t h e r e 
was no e s s e n t i a l d i f f e r e n c e i n t h e two methods ( 3 0 ) . The same r e s u l t s 
w e r e , i n g e n e r a l , o b t a i n e d by a n o t h e r r e s e a r c h e r ( 3 1 ) . 
R e c e n t S t u d i e s . — W i t h i n r e c e n t y e a r s much work has b e e n done on t r y i n g 
t o e l i m i n a t e a n d min imize some of t h e w e a k n e s s e s of Time S t u d y . A 
l a r g e amount of t h i s work h a s i n v o l v e d t h e u s e of s t a t i s t i c s , p r o b a b i l i t y 
t h e o r y , a n d o t h e r fo rms of h i g h e r m a t h e m a t i c s . One company e v e n u s e s 
s i m u l t a n e o u s e q u a t i o n s t o d e t e r m i n e t h e s t a n d a r d t i m e s f o r r e j e c t a n d 
good p i e c e s i n s h o r t c y c l e i n s p e c t i o n o r t e s t o p e r a t i o n s ( 3 2 ) . 
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The t e c h n i q u e s of S t a t i s t i c a l Q u a l i t y C o n t r o l a r e a d v o c a t e d by 
t v o w r i t e r s f o r t h e c o n t r o l of a s s i g n a b l e v a r i a b l e s wh ich a f f e c t t h e 
a c c u r a c y a n d r e l i a b i l i t y of t i m e s t u d y s t a n d a r d s ( 3 3 , 3 4 ) . 
The p r o b l e m of d e t e r m i n i n g t h e number of o b s e r v a t i o n s , one of 
t h e w e a k n e s s e s of t i m e s t u d y m e t h o d s , has b e e n a t t a c k e d by t h e u s e of 
s t a t i s t i c s . W i l k i n s o n d e v e l o p e d a method of d e t e r m i n i n g t h e number of 
o b s e r v a t i o n s which t o o k i n t o a c c o u n t e a c h e l e m e n t r e a d i n g ( 3 5 ) . N a d l e r 
d e v e l o p e d a method b a s e d upon d e t e r m i n i n g t h e number r e q u i r e d f o r 
e a c h e l e m e n t , w i t h t h e l a r g e s t number t h u s d e t e r m i n e d b e i n g t h e number 
of c y c l e o b s e r v a t i o n s t o be made ( 3 6 ) . L e h r e r and Moder d e v e l o p e d a 
method b a s e d upon t h e l o n g e s t e l e m e n t t i m e v a l u e ( 3 7 ' ) . A l l t h r e e of 
t h e above methods a r e much more e a s i l y u s e d f o r a p o s t e r i d e t e r m i n a t i o n s 
t h a n f o r a p r i o r i d e t e r m i n a t i o n s . The g e n e r a l method i s t o make t h e 
t i m e s t u d y , c h e c k t o s e e I f more r e a d i n g s s h o u l d "be t a k e n , a n d r e p e a t 
t h e s t u d y u s i n g t h e new number of o b s e r v a t i o n s . These methods have 
c e r t a i n l i m i t a t i o n s a n d a r e b a s e d on c e r t a i n a s s u m p t i o n s , e i t h e r 
e x p l i c i t o r i m p l i e d . L e h r e r a n d Moder s t a t e t h e l i m i t a t i o n s a n d 
a s s u m p t i o n s of t h e i r method ( 3 8 ) . 
One of t h e most i m p o r t a n t r e s u l t s of u s i n g s t a t i s t i c s i n Time 
S t u d y i s t h e e l i m i n a t i o n or m i n i m i z a t i o n of v a r i a t i o n i n t h e f i n a l 
r e s u l t s of t h e s t u d y . S t a t i s t i c s have b e e n u s e d i n some r e c e n t s t u d i e s 
t o d e t e r m i n e some of t h e c a u s e s of v a r i a t i o n i n t i m e s t u d i e s . 
One s u c h s t u d y f o u n d t h a t t h e r e was no e v i d e n c e of a r e l a t i o n s h i p 
b e t w e e n t h e t i m e d v a r i a t i o n ( c a u s e d by chance v a r i a t i o n i n m e t h o d s , 
m a t e r i a l s , t o o l s , e t c . ) a n d l e n g t h of e l e m e n t ; however , t h e r e was a 
h i g h l y s i g n i f i c a n t s t a t i s t i c a l c o r r e l a t i o n b e t w e e n t h e t i m e d v a r i a n c e 
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a n d e l e m e n t c o m p l e x i t y ( 3 9 ) . The r e s u l t s of a n o t h e r s t u d y i n d i c a t e d 
t h a t none of t h e f o l l o w i n g f a c t o r s had any s i g n i f i c a n t i n f l u e n c e upon 
o b s e r v e r ' s i n c o n s i s t e n c i e s : 
1 . Which o p e r a t o r was s t u d i e d . 
2 . Whether t h e s t u d y was t h e f i r s t or s e c o n d of a p a i r of 
s t u d i e s . 
3 . Whether o r n o t s t a n d a r d e l e m e n t s were u s e d ( 4 0 ) . 
The most i m p o r t a n t c a u s e s of v a r i a t i o n a r e t h o s e t h a t a r i s e f rom i n d i v i d u a l 
o b s e r v e r i n c o n s i s t e n c i e s a n d b e t w e e n o b s e r v e r s w i t h i n a p l a n t ( 4 1 ) . 
Green f o u n d t h a t t h e c h a r a c t e r i s t i c s of t h e e l e m e n t t i m e d i s t r i b u t i o n s 
a n d c y c l e t i m e d i s t r i b u t i o n s a r e s i m i l a r ( 4 2 ) . 
From a s e a r c h of t h e l i t e r a t u r e , i t a p p e a r s a s i f a l a r g e amount 
of work a n d r e s e a r c h has b e e n c o n d u c t e d on t h e t h r e e s e p a r a t e m e a s u r e ­
ments of Time S tudy i n r e g a r d t o t h e v a l i d i t y , c o n s i s t e n c y , and a c c u r a c y 
of t h e s e m e a s u r e m e n t s . However, no r e f e r e n c e c o u l d be f o u n d on 
i n v e s t i g a t i o n of t h e c o m b i n a t i o n of t h e s e p a r a t e measu remen t s of Time 
S t u d y . I t t h e r e f o r e seems w o r t h w h i l e t o i n v e s t i g a t e methods u s e d i n 
s t o p - w a t c h Time S t u d y t o d e t e r m i n e n o r m a l t i m e , a c o m b i n a t i o n of t ime 
measurement a n d r f t t i n g f a c t o r m e a s u r e m e n t . 
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CHAPTER I I I 
OBJECTIVE 
T h i s s t u d y w i l l be c o n c e r n e d w i t h a p r e l i m i n a r y i n v e s t i g a t i o n of 
f o u r methods of o b t a i n i n g a n o r m a l t i m e v a l u e . 
The f i r s t method c o n s i s t s of o b s e r v i n g a n d r e c o r d i n g t h e p e r f o r ­
mance t i m e f o r e a c h c o m p l e t e c y c l e , a n d d e t e r m i n i n g a n d r e c o r d i n g a 
r a t i n g f a c t o r f o r e a c h c o m p l e t e c y c l e . Each c y c l e p e r f o r m a n c e t i m e i s 
m u l t i p l i e d by t h e c y c l e r a t i n g f a c t o r , t h e p r o d u c t b e i n g t h e c y c l e n o r m a l 
t i m e . Next a n a v e r a g e of t h e s e c y c l e n o r m a l t i m e s i s o b t a i n e d . T h i s 
a v e r a g e t i m e i s t h e n o r m a l t i m e v a l u e . 
The s e c o n d method c o n s i s t s of o b s e r v i n g a n d r e c o r d i n g t h e 
p e r f o r m a n c e t i m e f o r e a c h e l e m e n t of t h e c y c l e a n d d e t e r m i n i n g a n d 
r e c o r d i n g a r a t i n g f a c t o r f o r t h e e n t i r e c y c l e . In o r d e r t o o b t a i n a 
c y c l e p e r f o r m a n c e t i m e , t h e e l e m e n t p e r f o r m a n c e t i m e s a r e summed. These 
c y c l e p e r f o r m a n c e t i m e s a r e m u l t i p l i e d by t h e c o r r e s p o n d i n g r a t i n g 
f a c t o r s , t h u s d e t e r m i n i n g c y c l e n o r m a l t i m e s . I n o r d e r t o o b t a i n a 
n o r m a l t i m e , a n a v e r a g e i s o b t a i n e d of t h e c y c l e n o r m a l t i m e v a l u e s . 
The t h i r d method c o n s i s t s of o b s e r v i n g a n d r e c o r d i n g t h e 
p e r f o r m a n c e t i m e f o r e a c h e l e m e n t of e a c h c y c l e , a n d d e t e r m i n i n g and 
r e c o r d i n g a r a t i n g f a c t o r f o r e a c h e l e m e n t of t h e c y c l e e a c h t i m e t h e 
e l e m e n t t i m e i s r e c o r d e d . Each e l e m e n t t i m e i s m u l t i p l i e d by t h e 
c o r r e s p o n d i n g r a t i n g f a c t o r ; t h u s d e t e r m i n i n g a n e l e m e n t n o r m a l t i m e . The 
e l e m e n t no rma l t i m e s a r e a d d e d t o o b t a i n a c y c l e n o r m a l t i m e . An a v e r a g e 
of t h e s e c y c l e n o r m a l t i m e s g i v e s t h e n o r m a l t i m e . 
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The f o u r t h method c o n s i s t s o f o b s e r v i n g and r e c o r d i n g t h e p e r ­
fo rmance t i m e f o r e a c h e l e m e n t , and d e t e r m i n i n g a n d r e c o r d i n g an o v e r - a l l 
r a t i n g f a c t o r f o r each e l e m e n t f o r a l l o f t h e c y c l e s s t u d i e d . An a v e r a g e 
e l e m e n t a l t i m e i s o b t a i n e d f o r each e l e m e n t . E a c h o f t h e s e a v e r a g e 
e l e m e n t t i m e v a l u e s a r e m u l t i p l i e d b y t h e c o r r e s p o n d i n g r a t i n g f a c t o r ; 
t h u s d e t e r m i n i n g a n e l emen t n o r m a l t i m e . The sum o f t h e s e e l emen t 
n o r m a l t i m e v a l u e s d e t e r m i n e s a n o r m a l t i m e . 
T h r o u g h o u t t h i s r e p o r t , t h e me thods p r e v i o u s l y d e s c r i b e d w i l l 
b e known a s Method A, Method B , Method C and Method D, r e s p e c t i v e l y . 
The c o n s i s t e n c y of each o f t h e s e methods i n m e a s u r i n g t h e c o r r e c t 
n o r m a l t i m e w i l l b e i n v e s t i g a t e d b y t e s t i n g t h e f o l l o w i n g n u l l 
h y p o t h e s e s : 
1 . T h e r e i s n o s i g n i f i c a n t d i f f e r e n c e i n t h e mean e r r o r o f t h e 
m e a s u r e d n o r m a l t i m e f o r t h e f o u r me thods t e s t e d . 
2 . T h e r e i s no s i g n i f i c a n t d i f f e r e n c e i n t h e mean e r r o r o f t h e 
m e a s u r e d n o r m a l t i m e d u e t o t h e o r d e r i n w h i c h t h e f i l m s 
w e r e o b s e r v e d b y t h e t i m e s t u d y men. 
3« The e f f e c t o f t h e method on t h e mean e r r o r o f t h e m e a s u r e d 
n o r m a l t i m e does n o t v a r y w i t h t h e o r d e r i n w h i c h t h e f i l m s 
w e r e o b s e r v e d b y t h e t i m e s t u d y men. 
The a b o v e h y p o t h e s e s a r e f o r m a n u a l , o p e r a t o r - c o n t r o l l e d o p e r a t i o n s . 
The a b o v e h y p o t h e s e s a r e t o b e t e s t e d a t t h e 0 . 1 0 and 0 . 0 5 l e v e l s o f 
s i g n i f i c a n c e . The e r r o r o f t h e n o r m a l t i m e r e f e r r e d t o i n t h e a b o v e 
h y p o t h e s e s i s t o b e composed o f e r r o r i n measurement o f t i m e and e r r o r 
i n t h e d e t e r m i n a t i o n o f t h e r a t i n g f a c t o r . 
I n a d d i t i o n t o t h e a b o v e a n a l y s i s , a n i n v e s t i g a t i o n w i l l b e made 
o f Methods A, B , a n d C o n l y . However , t h i s i n v e s t i g a t i o n w i l l b e 
c o n c e r n e d w i t h e a c h c y c l e n o r m a l t i m e i n s t e a d o f t h e o v e r a l l s t u d y n o r m a l 
t i m e s . S i n c e i n Method D n o c y c l e n o r m a l t i m e s a r e o b t a i n e d , t h i s method 
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w i l l b e e x c l u d e d from t h i s a n a l y s i s . 
T h e c o n s i s t e n c y of Methods A, B , and C i n m e a s u r i n g t h e c o r r e c t 
c y c l e n o r m a l t i m e w i l l b e i n v e s t i g a t e d b y t e s t i n g t h e f o l l o w i n g n u l l 
h y p o t h e s e s : 
1 . T h e r e I s no s i g n i f i c a n t d i f f e r e n c e i n t h e mean e r r o r o f t h e 
m e a s u r e d c y c l e n o r m a l t i m e d u e t o t h e d i f f e r e n t m e t h o d s . 
2 . T h e r e i s no s i g n i f i c a n t d i f f e r e n c e i n t h e mean e r r o r o f t h e 
m e a s u r e d c y c l e n o r m a l t i m e f o r t h e d i f f e r e n t c y c l e s . 
3 . T h e r e i s no s i g n i f i c a n t d i f f e r e n c e i n t h e mean e r r o r o f t h e 
m e a s u r e d c y c l e n o r m a l t i m e due t o t h e o r d e r i n w h i c h t h e 
f i l m s w e r e o b s e r v e d b y t h e t i m e s t u d y men. 
4 . T h e r e I s n o s i g n i f i c a n t d i f f e r e n c e i n t h e mean e r r o r of t h e 
c y c l e n o r m a l t i m e due t o t h e t i m e s t u d y men. 
5« The e f f e c t o f t h e method on t h e mean e r r o r of t h e m e a s u r e d 
c y c l e n o r m a l t i m e does n o t v a r y w i t h t h e o r d e r i n wh ich t h e 
f i l m s w e r e o b s e r v e d b y t h e t i m e s t u d y men. 
6 . The e f f e c t o f t h e method on t h e mean e r r o r o f t h e m e a s u r e d 
n o r m a l t i n e d o e s n o t v a r y w i t h t h e t i m e s t u d y man. 
The a b o v e n u l l h y p o t h e s e s a r e f o r m a n u a l , o p e r a t o r - c o n t r o l l e d o p e r a t i o n s . 
The a b o v e h y p o t h e s e s w i l l b e t e s t e d a t t h e 0 . 1 0 , 0 . 0 5 a n d 0 . 0 1 l e v e l s o f 
s i g n i f i c a n c e . The e r r o r of c y c l e n o r m a l t i m e r e f e r r e d t o i n t h e a b o v e 
h y p o t h e s e s I s composed o f e r r o r o f t i m e measurement a n d e r r o r o f r a t i n g . 
I t i s w i t h hope of r e m o v i n g some o f t h e d o u b t s u r r o u n d i n g t h e 
s o u r c e o f some o f t h e e r r o r s i n s t o p - w a t c h t i m e s t u d y t h a t t h i s s t u d y 




T h e O p e r a t i o n * - - T h e o p e r a t i o n u s e d i n t h i s e x p e r i m e n t was a c o m p l e t e l y 
m a n u a l , o p e r a t o r - c o n t r o l l e d o p e r a t i o n . I t was a n o p e r a t i o n wh ich was 
p e r f o r m e d i n a r e g u l a r i n d u s t r i a l e n v i r o n m e n t . At t h e t i m e of t h e s t u d y , 
t h e o p e r a t i o n wa,s b e i n g pe r fo rmed a c c o r d i n g t o a s t a n d a r d method b y some 
70 t o 80 f e m a l e , C a u c a s i a n o p e r a t o r s i n t h e f i n i s h i n g d e p a r t m e n t of a 
m e n s 1 s h i r t m a n u f a c t u r e r i n g p l a n t i n A t l a n t a . 
I n g e n e r a l , t h e o p e r a t i o n c o n s i s t s of i n s p e c t i n g a n d f o l d i n g an 
i r o n e d s h i r t p r i o r t o p a c k a g i n g a n d s h i p m e n t . 
F i l m i n g t h e O p e r a t i o n . - - T h e o p e r a t i o n was f i l m e d on March 2 1 , 1 9 5 6 , 
b e t w e e n t h e h o u r s o f 9 :30 A.M. and 1 1 : 0 0 A.M. T h e camera u s e d was a 
Cine-Kodak S p e c i a l I I w i t h a Kodak C i n e E k t a r 15 mm f 2 . 5 l e n s . The 
camera was p r o v i d e d w i t h a 2 0 0 - f o o t f i l m c a r t r i d g e . The camera was 
m o d i f i e d w i t h a s y n c r o n o u s c o n s t a n t s p e e d m o t o r w h i c h was c o n n e c t e d t o 
t h e m a i n d r i v e s h a f t a n d p e r m i t t e d t h e f i l m t o b e exposed a t t h e c o n s t a n t 
r a t e o f 1000 f rames p e r m i n u t e . 
A l l s h o t s w e r e t a k e n a t a d i s t a n c e o f a p p r o x i m a t e l y 7 f e e t a n d 
a t a n a n g l e o f a p p r o x i m a t e l y 6 0 ° from a l a t e r a l l i n e wh ich p a s s e d t h r o u g h 
t h e c e n t e r of t h e o p e r a t i o n work a r e a . An f s t o p o f 16 was u s e d f o r 
t a k i n g a l l p i c t u r e s . 
A t o t a l o f 1000 f e e t o f f i l m was e x p o s e d . F i v e r e e l s o f 200 
f e e t each w e r e t a k e n . The f i r s t 200 f e e t w e r e t a k e n a t t h e e x i s t i n g 
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p e r f o r m a n c e l e v e l o f t h e o p e r a t o r , a n d i t was l a t e r u s e d a s a f a m i l a r -
i z a t i o n f i l m . R e e l s number 2 , k, and 5 w e r e a l s o t a k e n a t t h e e x i s t i n g 
p e r f o r m a n c e l e v e l s . R e e l number 3 , o f 200 f e e t l e n g t h , was t a k e n when 
t h e o p e r a t o r had b e e n i n s t r u c t e d t o s l ow down c o n s i d e r a b l y . D u r i n g t h e 
t i m e t h i s 200 f e e t o f f i l m was exposed , t h e o p e r a t o r was c o n t i n u a l l y 
r e m i n d e d , v e r b a l l y , t o s low h e r m o t i o n s . 
P r e p a r i n g t h e F i l m . - - E a c h o f t h e r e e l s o f f i l m , e x c e p t f o r t h e f i r s t one 
t a k e n , was examined , a n d a l l e x c e s s f i l m was c u t so t h a t on each r e e l 
t h e r e r e m a i n e d 1 1 c o m p l e t e c y c l e s . No b r e a k s o r o t h e r " m a r s " w e r e p r e s e n t 
i n t h e r e m a i n i n g 1 1 c y c l e s , a n d n o c y c l e s w e r e s p l i c e d i n t o t h e f i l m s . 
T r a i l e r s w e r e s p l i c e d o n t o each o f t h e f i v e f i l m s . Onto t h e h e a d s o f 
r e e l s number 2 , 3 , 4 , and 5 w e r e s p l i c e d a p p r o x i m a t e l y one f o o t o f c l e a r 
l e a d e r , 20 f rames o f w h i c h c o n t a i n e d a b l u e v e r t i c a l m a r k . Next a l e a d e r 
was s p l i c e d o n t o each o f t h e f i v e f i l m s . 
T h e Time S t u d y Men.—The t i m e s t u d y men u s e d i n t h e e x p e r i m e n t w e r e 
s e l e c t e d from companies l o c a t e d i n t h e A t l a n t a , G e o r g i a , a r e a . Of t h e 
12 men u s e d , o n l y one does n o t h o l d a c o l l e g e d e g r e e . One man h a s two 
u n d e r g r a d u a t e d e g r e e s ; w h i l e two o t h e r s h a v e a M a s t e r o f S c i e n c e d e g r e e 
i n I n d u s t r i a l E n g i n e e r i n g . 
T h e s e m e n f s t r a i n i n g i n Time S t u d y c o v e r e d s u c h a r e a s a s u n d e r ­
g r a d u a t e a n d g r a d u a t e c o l l e g e c o u r s e s , company c o n d u c t e d c o u r s e s , o n - t h e -
job t r a i n i n g , a n d v a r i o u s o t h e r s h o r t c o u r s e s and c o n f e r e n c e s . 
T h e t i m e s t u d y men w e r e a l l C a u c a s i a n s who r a n g e d i n a g e from 26 
t o k3, w i t h a mean a g e of 3 3 • T h e i r e x p e r i e n c e i n Time S t u d y r a n g e d 
from 6 months t o 20 y e a r s . 
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T h e t y p e o f company i n which t h e y had h a d t i m e s t u d y e x p e r i e n c e 
I n c l u d e d s u c h d i v e r s e f i e l d s a s t e x t i l e f a b r i c a t i o n , m a i l - o r d e r h o u s e , 
a i r c r a f t m a n u f a c t u r e , mea t p r o c e s s i n g , p a p e r f a b r i c a t i o n , f o u n d r y , and 
c o n s u l t i n g . 
The O p e r a t o r . - - T h e o p e r a t o r u s e d i n t h e e x p e r i m e n t was a q u a l i f i e d , 
a d e q u a t e l y t r a i n e d o p e r a t o r , who had p e r f o r m e d t h e job t o t h e e x t e n t t h a t 
a l l l e a r n i n g e f f e c t s had b e e n e l i m i n a t e d o r m i n i m i z e d . She was f u l l y 
i n fo rmed a s t o t h e n a t u r e o f t h e e x p e r i m e n t a n d t h e u s e f o r wh ich t h e 
I n f o r m a t i o n was g a t h e r e d . 
E x p e r i m e n t a l S e t - u p . - - A B e l l a n d H o w e l l , Time and Mot ion S t u d y , Des ign 57> 
Model XD, 16mm p r o j e c t o r was u s e d t o p r o j e c t t h e f i l m d u r i n g t h e e x p e r i ­
m e n t . By u s e o f a v o l t a g e r e g u l a t o r i n t h e l i n e a n d a v a r i a b l e r e o s t a t 
on t h e p r o j e c t o r , t h e p r o j e c t i o n speed o f t h e f i l m r e m a i n e d c o n s t a n t a t 
1000 f rames p e r m i n u t e . The p r o j e c t i o n s p e e d o f t h e f i l m was c h e c k e d b e ­
f o r e a n d d u r i n g each showing o f e a c h f i l m w i t h a G e n e r a l R a d i o Company, 
Type No. 6 3 1 - B , 115 v o l t s - 6 0 c y c l e s , S t r o b o t a c . 
The e x p e r i m e n t was c o n d u c t e d i n t h e l a b o r a t o r i e s o f The S c h o o l o f 
I n d u s t r i a l E n g i n e e r i n g , G e o r g i a I n s t i t u t e o f T e c h n o l o g y , A t l a n t a , G e o r g i a . 
T h e e x p e r i m e n t was c o n d u c t e d i n f o u r s e p a r a t e g r o u p s , a c c o r d i n g 
t o t h e f o l l o w i n g o u t l i n e : 
Group D a t e Time Men No . 
I A p r i l 7 , 1956 
I I A p r i l 7, 1956 
I I I A p r i l 1 0 , 1956 
TV A p r i l 1 0 , 1956 
9 : 0 0 - 1 0 : 3 0 A.M. 
1 0 : 3 0 - 1 2 : 0 0 A.M. 
7 : 0 0 - 8 :30 A.M. 
7 : 0 0 - 8 :30 A.M. 
1 , 2 , 3 
7 , 8 , 9 
1 0 , 1 1 , 12 
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Method A, B , C, a n d D was t h e o r d e r o f u s e "by each g r o u p o f t h e 
f o u r m e t h o d s ; howeve r , t h e o r d e r i n wh ich t h e f o u r f i l m s w e r e shown 
v a r i e d from g r o u p t o g r o u p . Group I saw t h e f i l m s In t h e o r d e r : F i l m s 1 , 
2 , 3, k. Group I I saw t h e f i l m s i n t h e o r d e r : F i l m s 2 , 3 , k, 1 . Group 
I I I saw t h e f i l m s i n t h e o r d e r ; F i l m s 3 , k, 1 , 2 . Group IV saw t h e 
f i l m s i n t h e o r d e r : F i l m s k, 1 , 2, 3 . 
Each Group was f i r s t shown t h e f a m i l i a r i z a t i o n f i l m i n o r d e r t o 
a l l o w t h e men t h e o p p o r t u n i t y t o become f a m i l a r w i t h t h e n a t u r e and c o n ­
t e n t s o f t h e o p e r a t i o n . D u r i n g t h e showing o f t h i s f i l m , q u e s t i o n s b y 
t h e t i m e s t u d y men o f a g e n e r a l n a t u r e c o n c e r n i n g t h e o p e r a t i o n w e r e 
a n s w e r e d . Ho i n d i c a t i o n o f t h e o p e r a t o r ' s a v e r a g e e a r n e d b o n u s , 
d e p a r t m e n t a l e a r n e d b o n u s , g r o u p i n c e n t i v e p l a n , o r o t h e r s i m i l a r i n f o r ­
m a t i o n p e r t a i n i n g t o t h e p e r f o r m a n c e l e v e l o f t h e o p e r a t o r was g i v e n t o 
a n y o f t h e t i m e s t u d y men p r i o r t o t h e c o m p l e t i o n o f t h e e x p e r i m e n t . 
The t i m e s t u d y men w e r e a l l o w e d t o u s e e i t h e r t h e s n a p - b a c k o r 
c o n t i n u o u s me thod o f t i m i n g . They w e r e t o l d t h a t t h e y m i g h t u s e a n y 
b a s i s o f r a t i n g t h e y d e s i r e d a s l o n g a s i t c o u l d b e c o n v e r t e d I n t o 100$ 
s y s t e m . T h e men w e r e i n s t r u c t e d t h a t t h e y c o u l d s t a n d o r s i t w h e r e 
t h e y w i s h e d a s l o n g a s t h e y d i d n o t go p a s t a c e r t a i n l i n e , w h i c h was 
e s t a b l i s h e d s i n c e t h e image s e e n a t a c l o s e r d i s t a n c e would a p p e a r l a r g e r 
t h a n l i f e s i z e . 
A f t e r t h e t i m e s t u d y men had s e e n t h e f a m i l i a r i z a t i o n f i l m f o r 
t h e f i r s t t i m e , t h e y w e r e shown t h e same f i l m a g a i n . The s e c o n d t i m e 
t h e y saw t h e f i l m t h e y we re g i v e n t h e e l emen t b reakdown o f t h e o p e r a t i o n . 
A l s o t h e e l e m e n t b r e a k p o i n t s w e r e p o i n t e d o u t t o them r e p e a t e d l y . The 
e l e m e n t b reakdown may b e s e e n i n F i g u r e 1 i n t h e A p p e n d i x . 
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T h i s same f i l m was a g a i n shown t o t h e men In o r d e r t o a l l o w them 
p r a c t i c e w i t h t h e f o u r me thods u s e d i n t h e e x p e r i m e n t . 
S t a r t i n g w i t h t h e f i r s t c o m p l e t e c y c l e , t h e y u s e d Method 1 f o r 
one c o m p l e t e c y c l e , Method 2 f o r t h e n e x t c y c l e , Method 3 f o r t h e n e x t 
c y c l e , a n d Method k f o r t h e n e x t f o u r c y c l e s . The f i l m was t h e n rewound 
a n d reshown t o t h e g r o u p , a n d t h e p r e v i o u s p r o c e d u r e was r e p e a t e d . 
I n d i v i d u a l i n s t r u c t i o n a n d a s s i s t a n c e was g i v e n a s n e e d e d d u r i n g t h e 
p r a c t i c e s e s s i o n . T h e f i l m was reshown t o a l l o w t h e g roups a d d i t i o n a l 
p r a c t i c e on a n y p a r t i c u l a r method when t h e y s o r e q u e s t e d . Groups I I , I I I , 
a n d IV r e q u e s t e d a d d i t i o n a l p r a c t i c e on Method 3» The p r a c t i c e s e s s i o n 
c o v e r e d a b o u t one h o u r o f t h e h o u r and a h a l f e x p e r i m e n t . 
Each g r o u p was g i v e n t h e same i n s t r u c t i o n s b e f o r e and d u r i n g t h e 




The d a t a r e c o r d e d on each m a n ' s o b s e r v a t i o n s h e e t was u s e d t o 
compute t h e n o r m a l t i m e v a l u e s . S u b s e q u e n t t o t h e r e c o r d i n g o f t h i s 
d a t a b y t h e t i m e s t u d y men d u r i n g t h e e x p e r i m e n t , a f i l m a n a l y s i s was 
made o f a l l f o u r f i l m s used i n t h e e x p e r i m e n t . T h i s a n a l y s i s was p e r ­
formed b y u s e o f a B e l l a n d H o w e l l , Time a n d Mot ion S t u d y , D e s i g n 5 7 , 
Model XD, 16 mm p r o j e c t o r . The same b r e a k p o i n t s u s e d b y t h e t i m e s t u d y 
men d u r i n g t h e e x p e r i m e n t w e r e u s e d i n t h e f i l m a n a l y s i s . 
T h e t i m e r e q u i r e d f o r t h e p e r f o r m a n c e of a n y f o r e i g n e l e m e n t s 
was o b t a i n e d a n d l a t e r s u b t r a c t e d from t h e o r i g i n a l f rame c o u n t f o r t h e 
p a r t i c u l a r e l e m e n t d u r i n g wh ich t h e f o r e i g n e l emen t o c c u r r e d . S i n c e 
t h e t i m e s t u d y men had b e e n i n s t r u c t e d t o i n c l u d e a l l t i m e i n t h e i r 
o b s e r v a t i o n s , t h e f rame c o u n t t i m e f o r t h e s e f o r e i g n e l e m e n t s a l s o was 
s u b t r a c t e d from t h e t i m e v a l u e s r e c o r d e d b y t h e t i m e s t u d y men. 
The f o r e i g n e l e m e n t s w e r e a s f o l l o w s : 
1 . T o s s two d e f e c t i v e s h i r t s a s i d e a n d w a i t f o r a n o t h e r s h i r t , 
2 . Push s t a c k o f c o m p l e t e d s h i r t s a s i d e , 
3 . T o s s one d e f e c t i v e s h i r t a s i d e , 
4 . I r o n b a c k p a n e l o f s h i r t . 
A l l f o r e i g n e l e m e n t s o c c u r r e d d u r i n g t h e f i r s t e l emen t o f t h e c y c l e . 
T h e s e f o r e i g n e l e m e n t s w e r e e x c l u d e d b e c a u s e t h e y do n o t o c c u r d u r i n g 
each o p e r a t i o n , a n d t h e i r o c c u r a n c e , e x c e p t f o r number 2 , i s p r o b a b l y 
randum. F o r e i g n e l e m e n t number 2 had a r a t h e r f i x e d p o i n t o f o c c u r a n c e . 
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One s t a c k o f completed, s h i r t s m i g h t c o n s i s t o f s i x s h i r t s ; t h e n e x t s t a c k 
c o n s i s t o f s e v e n s h i r t s ; t h e n e x t s t a c k s i x s h i r t s ; t h e n e x t s i x ; t h e n 
s e v e n . When o b t a i n i n g t h e f i l m s f o r u s e i n t h e e x p e r i m e n t , i t was n o t e d 
t h a t even t h i s s u p p o s e d l y o r d e r e d s y s t e m f o r t h e s t a c k i n g o f s h i r t s -
v a r i e d somewhat . 
T h e " c o r r e c t " t i m e v a l u e s f o r e ach e l emen t o f each c y c l e f o r e ach 
f i l m a r e shown i n T a b l e s 9, 1 0 , 1 1 , a n d 12 i n t h e A p p e n d i x . A l t h o u g h 
t h e s e t i m e v a l u e s may n o t b e t h e c o r r e c t o r t r u e v a l u e s , t h e y c e r t a i n l y 
a r e more p r e c i s e a n d a c c u r a t e t h a n t h e t i m e v a l u e s r e c o r d e d b y t h e t i m e 
s t u d y men u s i n g d e c i m a l - m i n u t e s s t o p w a t c h e s . 
The " c o r r e c t " n o r m a l t i m e v a l u e s f o r e ach e l emen t of e a c h c y c l e 
w e r e c a l c u l a t e d n e x t . T h e s e c a l c u l a t i o n s e s t a b l i s h e d t h e " c o r r e c t " 
r a t i n g f a c t o r v a l u e s f o r e ach e l emen t o f each c y c l e f o r a l l f o u r m e t h o d s . 
T h e " c o r r e c t " r a t i n g f a c t o r v a l u e s t o g e t h e r w i t h t h e " c o r r e c t " f i l m 
a n a l y s i s f rame c o u n t t i m e v a l u e s d e t e r m i n e d t h e " c o r r e c t " n o r m a l t i m e 
v a l u e s , a n d h e n c e t h e e r r o r o f t h e n o r m a l t i m e v a l u e s a s d e t e r m i n e d b y 
t h e t i m e s t u d y men. I t i s t h i s e r r o r wh ich i s a n a l y z e d b y t h i s s t u d y . 
The g e n e r a l p r o c e d u r e f o r o b t a i n i n g t h e " c o r r e c t " n o r m a l t i m e was 
t o m u l t i p l y t h e mean e s t i m a t e b y Group 1 o f t h e l e v e l o f p e r f o r m a n c e o f 
t h e o p e r a t o r b y t h e f rame c o u n t t i m e v a l u e f o r t h e p a r t i c u l a r e l e m e n t ; 
add t h i s v a l u e t o t h e p r o d u c t o f t h e mean e s t i m a t e o f t h e l e v e l o f 
p e r f o r m a n c e o f t h e o p e r a t o r b y Group TV and t h e f rame c o u n t t i m e v a l u e 
f o r t h e p a r t i c u l a r e l e m e n t ; and d i v i d e t h e sum t h u s o b t a i n e d b y t w o . An 
i l l u s t r a t i o n o f t h i s c a l c u l a t i o n p r o c e d u r e i s shown i n F i g u r e 3 i n t h e 
A p p e n d i x . T h i s c a l c u l a t i o n was r e p e a t e d f o r e ach e l emen t o f e a c h c y c l e . 
A summary o f t h e s e c a l c u l a t i o n s a p p e a r i n T a b l e 1 3 . 
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Group TV was s e l e c t e d f o r u s e i n e s t a b l i s h i n g t h e " c o r r e c t " 
r a t i n g f a c t o r v a l u e s b e c a u s e i t was t h e o n l y g r o u p which u s e d Method 3 
on F i l m 2 , a n d F i l m 2 was t a k e n when t h e o p e r a t o r was w o r k i n g a t a 
r e d u c e d l e v e l o f p e r f o r m a n c e a s d e s c r i b e d i n C h a p t e r IV u n d e r t h e h e a d i n g , 
F i l m i n g t h e O p e r a t i o n . Group I was u s e d b e c a u s e i t u s e d Method 3 on F i l m 
3 , a n d i n F i l m 3 t h e o p e r a t o r seems t o b e more c o n s i s t e n t i n h e r l e v e l 
o f p e r f o r m a n c e . 
A g a i n , t h e " c o r r e c t " r a t i n g f a c t o r s u s e d i n t h i s s t u d y a r e n o t 
t h e c o r r e c t o r t r u e o n e s . I f t h e t r u e r a t i n g f a c t o r s w e r e known, t h e n 
many of t h e p r o b l e m s o f Time S t u d y would b e s o l v e d . I t i s b e l i e v e d , how­
e v e r , t h a t t h e p r o c e d u r e u s e d f o r e s t a b l i s h i n g " c o r r e c t " r a t i n g f a c t o r 
v a l u e s was a s a t i s f a c t o r y one f o r t h i s p a r t i c u l a r s t u d y . I n t h e f u t u r e , 
t h e q u o t a t i o n marks a r o u n d t h e work c o r r e c t w i l l b e omitted. 
The n e x t s t e p i n a n a l y z i n g t h e d a t a was t o d e t e r m i n e a c o r r e c t 
r a t i n g f a c t o r v a l u e f o r each e l emen t o f e a c h c y c l e f o r e ach f i l m . A 
s a m p l e o f t h i s c a l c u l a t i o n I s shown i n F i g u r e k* A summary o f t h e s e 
c a l c u l a t i o n s i s shown i n T a b l e Ik i n t h e A p p e n d i x . 
The n e x t s t e p i n t h e a n a l y s i s p r o c e d u r e was t o o b t a i n a c o r r e c t 
" o v e r - a l l " r a t i n g f a c t o r v a l u e f o r each e l emen t f o r each f i l m - The 
method f o r o b t a i n i n g t h e s e v a l u e s i s shown i n F i g u r e 5 i n t h e A p p e n d i x . 
The c o r r e c t " o v e r - a l l " r a t i n g f a c t o r v a l u e f o r a l l e l e m e n t s a r e shown i n 
T a b l e 15* 
The c o r r e c t r a t i n g f a c t o r v a l u e f o r each c y c l e o f e ach f i l m was 
d e t e r m i n e d n e x t . The method f o r p e r f o r m i n g t h i s c a l c u l a t i o n i s shown i n 
F i g u r e 6 i n t h e A p p e n d i x . The c o r r e c t r a t i n g f a c t o r v a l u e f o r each 
c y c l e o f each f i l m i s shown i n T a b l e 1 6 . 
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T h e n e x t s t e p was t o c a l c u l a t e t h e c o r r e c t n o r m a l t i m e v a l u e f o r 
each g r o u p f o r each m e t h o d . T h e s e c o r e e c t n o r m a l t i m e v a l u e s a r e 
composed o f t h e f rame c o u n t t i m e v a l u e s and t h e c o r r e c t r a t i n g f a c t o r 
v a l u e s a s p r e v i o u s l y d e t e r m i n e d . I l l u s t r a t i o n s o f t h e s e c a l c u l a t i o n s 
a r e shown i n F i g u r e s If, 8 , 9> and. 10 i n t h e A p p e n d i x . A summary o f t h e s e 
v a l u e s i s shown i n T a b l e 1 . 
N e x t , t h e m e a s u r e d n o r m a l t i m e v a l u e s f o r each t i m e s t u d y man f o r 
each method was c a l c u l a t e d . I l l u s t r a t i o n s o f t h e s e c a l c u l a t i o n s a r e 
shown i n F i g u r e s 1 1 , 1 2 , 1 3 , and Ik i n t h e A p p e n d i x . 
The s t a t i s t i c u s e d i n t h e a n a l y s i s o f t h e f o u r methods i s t h e 
d i f f e r e n c e b e t w e e n t h e c o r r e c t n o r m a l t i m e v a l u e and t h e m e a s u r e d n o r m a l 
t i m e v a l u e . 
The a n a l y s i s p r o c e d u r e u s e d t o a n a l y z e t h e t h r e e m e t h o d s , wh ich 
r e s u l t e d i n n o r m a l c y c l e t i m e v a l u e s f o r each c y c l e , was t h e same a s t h e 
o n e u s e d f o r t h e a n a l y s i s o f t h e f o u r m e t h o d s , w i t h t h e e x c e p t i o n o f 
p e r f o r m i n g t h e c a l c u l a t i o n s o f c o r r e c t n o r m a l t i m e v a l u e s and measured, 
norm?-! t i m e v a l u e s . As p a r t o f t h e s e two c a l c u l a t i o n s , i t was n e c e s s a r y 
t o c a l c u l a t e t h e c o r r e c t c y c l e n o r m a l t i m e v a l u e s f o r each c y c l e o f e ach 
f i l m a n d a l s o t h e m e a s u r e d n o r m a l t i m e v a l u e s f o r each c y c l e of e ach 
f i l m f o r each man. As a r e s u l t , t h e s e c a l c u l a t i o n s a r e n o t shown 
s e p a r a t e l y . 
T h e s t a t i s t i c u s e d i n t h e a n a l y s i s o f t h e t h r e e me thods i s t h e 
d i f f e r e n c e b e t w e e n t h e c o r r e c t c y c l e n o r m a l t i m e v a l u e a n d t h e measu red 
c y c l e n o r m a l t i m e v a l u e . 
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CHAPTER VI 
ANALYSIS OF RESULTS 
Four -me thod A n a l y s i s . — T h e g e n e r a l s t a t i s t i c a l t e c h n i q u e or t e s t u s e d 
was t h e one of a n a l y s i s of v a r i a n c e . 
An a n a l y s i s of v a r i a n c e t a b l e was c o n s t r u c t e d a n d a model e q u a t i o n 
was w r i t t e n . The n e x t s t e p was t o d e t e r m i n e t h e e x p e c t e d v a l u e of t h e 
mean s q u a r e s f o r e a c h s o u r c e of v a r i a t i o n . I n making t h i s d e t e r m i n a t i o n , 
t h e s y s t e m a d v o c a t e d by S c h u l t z (43 ) was u s e d . Each of t h e s e d e t e r m i ­
n a t i o n s a r e shown i n F i g u r e 15 i n t h e A p p e n d i x . 
The s t a t i s t i c u s e d i n t h e a n a l y s i s was t h e d i f f e r e n c e b e t w e e n t h e 
c o r r e c t no rma l t i m e v a l u e a n d t h e measu red no rma l t i m e v a l u e s a s 
d e t e r m i n e d by t h e t i m e s t u d y men. The c o r r e c t n o r m a l t i m e v a l u e s f o r 
e a c h method f o r e a c h g r o u p i s g i v e n i n T a b l e 1 . 
T a b l e 1 . C o r r e c t Normal Time V a l u e s , i n M i n u t e s , f o r 
Each Group U s i n g Each Method 
Method Group 
Number 
of I I I I I I IV 
A 0 .69570 O.6505O 0 .70704 0 . 6 9 7 3 9 
3 O . 6 9 6 H 0 .70704 0 .69636 0 . 6 9 6 8 3 
c 0 . 6 7 1 6 7 0 . 6 7 1 6 7 0 . 6 7 1 6 7 0 . 6 7 1 6 7 
D 0 . 6 8 7 7 6 O.69687 0 . 6 9 2 0 7 O.69628 
The m e a s u r e d norma l t i m e v a l u e s f o r t h e t ime s t u d y men a r e g i v e n i n 
T a b l e 2 . The d i f f e r e n c e i n t h e s e v a l u e s f o r e a c h man f o r each method 
was o b t a i n e d , r o u n d e d t o f o u r d e c i m a l p l a c e s ; a n d t h e d e c i m a l p o i n t 
moved f o u r p l a c e s t o t h e r i g h t a s a n a i d i n c o m p u t a t i o n s . The r e s u l t s 
a r e shown i n T a b l e 3 -
The n e x t s t e p was t h e d e t e r m i n a t i o n of t h e sum of s q u a r e s f o r 
e a c h s o u r c e of v a r i a t i o n . U s i n g t h e d a t a i n T a b l e 3> e a c h component of 
t h e sum of s q u a r e s f o r the v a r i o u s e o u r c e s va.. c n - n ^ t a d . Trcm t h e s e 
f i g u r e s t h e n u m e r i c a l v a l u e f o r t h e sum of s q u a r e s f o r e a c h s o u r c e was 
o b t a i n e d . The mean s q u a r e s were computed f o r e a c h s o u r c e , a n d t h e F 
r e t i c was t h e n o b t a i n e d . U s i n g a T a b l e of F v a l u e s (hk) t h e c a l c u l a t e d 
F r a t i o s were t e s t e d a t t h e 0 . 1 0 , 0 . 0 5 a n d 0 . 0 1 l e v e l s of s i g n i f i c a n c e . 
The r e s u l t s a r e shown In T a b l e k. 
As a r e s u l t of t h e a i ^ l y s .L 0? v^r i r -ace . the a n i l h y p o t h e s i s t h a t 
t h e r e i s no s i g n i f i c a n t d i f f e r e n c e i n t h e mean e r r o r of t h e measu red 
n o r m a l t i m e f o r t h e f o u r methods t e s t e d c a n :..>!• ce r e j e c t e d . The l a r g e 
amount of " v a r i a t i o n due t o t h t i n d i v i d u a l t ime s t u d y rnen, a s I n d i c a t e d 
by t h e SUJI of s q u a r e s f'xr t h i s r - cn rce , c:f v a r i a t i o n , a s compared t o t h e 
amount of v a r i a t i o n due t o t h e m e t h o d s , a s i n d i c a t e a by t h e sum cf 
s q u a r e s f o r t h i s s o u r c e , may g i v e some i n d i c a t i o n of why t h e v a r i a t i o n 
i n mean e r r o r w i t h i n t h e f o u r methods was n o t more s i g n i f i c a n t . 
The n u l l h y p o t h e s i s t h a t t h e r e i s no s i g n i f i c a n t d i f f e r e n c e i n 
t h e mean e r r o r of t h e m e a s u r e d n o r m a l t i m e due t o t h e o r d e r i n which t h e 
f i l m s were o b s e r v e d by t h e t ime s t u d y men c a n n o t be r e j e c t e d „J~ t h -
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T a b l e 2 . Measured Normal Time V a l u e s , i n M i n u t e s , f o r 
Each Man U s i n g Each Method 
Man Method 
Number 
of A B C D 
1 0 .54460 0 . 4 5 3 7 5 0 .53015 0 . 5 1 1 4 5 
2 0 . 7 0 3 2 0 0 .70270 O.76900 L . 7 1 4 6 8 
3 0 .62580 0 .60049 0 . 5 7 1 1 1 0 .54555 
4 0 . 5 3 9 1 0 O.56609 O.56915 0 .65458 
5 0 . 5 6 2 0 0 0 . 6 1 7 4 7 O.60125 0 .61022 
6 0 . 4 6 5 7 3 0 .52309 0 .54018 0 .60260 
7 O.63760 0 .63746 0 . 6 2 1 7 9 O.57807 
Co
 
0 . 5 5 7 7 0 0 .57162 0 . 5 8 9 5 5 0 . 5 3 8 3 7 
9 O.62063 0 .69022 0 . 6 9 7 5 1 O.66625 
10 0 .51212 O.56IO3 0 . 5 1 1 0 3 0 .54508 
n 0 .66790 0 . 6 9 8 2 7 0 . 6 2 6 9 4 c . 59692 
12 0 .62924 O.68085 O .5652I 0 . 5 7 4 8 8 










2 5 885 
6 1848 
7 694 
3 8 1493 
9 864 
10 1853 
4 1 1 295 
12 682 
Method 
B C D 
2424 1415 1763 
66* 9 7 3 * 269* 
956 1006 1422 
1410 1025 423 
896 704 867 
1040 1315 943 
594 499 1140 
1252 8 2 1 1537 
66 258* 258 
1358 1606 1512 
1 4 * 447 994 
160 IO65 1214 
- I n d i c a t e s a n e r r o r g r e a t e r t h a n t h e c o r r e c t v a l u e . 
A l l f i g u r e s a r e i n t e n - t h o u s a n d t h s of a m i n u t e . 
T a b l e 4 . R e s u l t s of A n a l y s i s of V a r i a n c e f o r Four Methods 
S o u r c e of Degrees of Sum of Mean F 
V a r i a t i o n Freedom S q u a r e s S q u a r e s R a t i o 
M 3 5 8 6 , 3 8 2 1 9 5 , 4 6 1 2 . 2 0 
0 
no 5 9 4 , 4 2 4 1 9 8 , 1 4 1 0 . 1 1 
t 
CO 1 4 , 6 5 2 , 5 7 6 1 , 8 3 1 , 5 7 2 
MO i n t e r a c t i o n 9 2 , 3 1 4 , 5 5 4 2 5 7 , 1 7 3 2 . 9 0 * 
Mt i n t e r a c t i o n 2k 2 , 1 3 1 , 4 0 7 8 8 , 8 0 9 
M a n d MO t e s t e d a g a i n s t Mt 
0 t e s t e d a g a i n s t t 
* - S i g n i f i c a n t a t % l e v e l of s i g n i f i c a n c e . 
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was t o be a b l e t o measure and e l i m i n a t e t h i s s o u r c e of v a r i a t i o n i n t h e 
t e s t i n g of t h e h y p o t h e s e s of i n t e r e s t . 
The n u l l h y p o t h e s i s t h a t t h e e f f e c t of t h e method on t h e mean 
e r r o r of t h e m e a s u r e d n o r m a l t i m e does n o t v a r y w i t h t h e o r d e r of 
p r e s e n t a t i o n of t h e f i l m s i s r e j e c t e d a t t h e 5$ l e v e l of s i g n i f i c a n c e . 
T h i s means t h a t t h e r e l a t i v e c o n s i s t e n c y of t h e methods i n d e t e r m i n i n g 
t h e c o r r e c t n o r m a l t i m e depended upon t h e o r d e r i n wh ich t h e f i l m s were 
o b s e r v e d by t h e t i m e s t u d y men. Each man d i d n o t u s e e a c h method on 
e a c h f i l m ; t h e r e f o r e , t h e dependence of t h e c o n s i s t e n c y of t h e method 
upon t h e o r d e r of f i l m s seem a n a t u r a l r e s u l t of e x p e r i m e n t d e s i g n , w h i c h , 
a l t h o u g h u n d e s i r a b l e , was u n a v o i d a b l e . 
T h r e e - m e t h o d A n a l y s i s . - - T h e same g e n e r a l p r o c e d u r e was u s e d i n t h i s 
a n a l y s i s a s was u s e d i n t h e F o u r - m e t h o d a n a l y s i s . 
An a n a l y s i s of v a r i a n c e t a b l e was c o n s t r u c t e d a n d t h e model e q u a t i o n 
was w r i t t e n . The n e x t s t e p was t o d e t e r m i n e t h e e x p e c t e d v a l u e s of t h e 
mean s q u a r e s f o r e a c h s o u r c e of v a r i a t i o n . A g a i n , t h e s y s t e m a d v o c a t e d 
by S c h u l t z was u s e d . These d e t e r m i n a t i o n s a p p e a r In F i g u r e 1 6 . 
The s t a t i s t i c u s e d i n t h i s a n a l y s i s was t h e d i f f e r e n c e b e t w e e n 
t h e c o r r e c t c y c l e n o r m a l t i m e v a l u e a n d t h e measu red c y c l e n o r m a l t i m e 
v a l u e . The c o r r e c t c y c l e n o r m a l t i m e v a l u e s a r e g i v e n i n T a b l e 5« The 
m e a s u r e d c y c l e n o r m a l t i m e v a l u e s f o r e a c h man a r e shown i n T a b l e 6 . 
The d i f f e r e n c e s i n t h e s e f i g u r e s were o b t a i n e d ; t h e f i g u r e r o u n d e d t o 
f o u r d e c i m a l p l a c e s ; a n d t h e d e c i m a l p l a c e moved f o u r p l a c e s t o t h e r i g h t . 
The r e s u l t s a r e g i v e n i n T a b l e 7 . 
U s i n g t h e d a t a I n T a b l e 7 , t h e sum of s q u a r e s was computed f o r 
e a c h s o u r c e of v a r i a t i o n . From t h e sum of s q u a r e s t h e mean s q u a r e s were 
T a b l e 5 . C o r r e c t C y c l e Normal Time V a l u e s , i n M i n u t e s 
O r d e r C y c l e Method 
Number Number 
Of Of A B C 
1 0 . 6 2 1 4 5 0 . 6 2 3 3 8 0 . 6 2 1 4 2 
2 0 . 6 7 4 4 8 0 .66503 O.53690 
3 0 .71920 0 . 7 1 9 1 8 0 .71917 
4 0 . 6 7 4 1 4 0 . 6 7 4 1 4 0 .67416 
5 O.67536 0 . 6 7 5 3 8 0 .53772 
6 0 . 7 2 8 3 4 0 . 7 2 8 8 4 0 .72837 
7 0 .79933 0 .79970 0 . 7 9 9 7 1 
8 0 . 6 6 6 3 1 O.67727 O.67725 
9 0 . 6 9 4 7 4 0 . 6 9 4 4 8 0 .69477 
10 0 . 6 9 8 2 4 0 .69820 0 .69823 
1 1 0 . 7 0 1 3 9 O.70165 O.70067 
1 0 .62142 0 .62142 0 .62142 
2 0 .66533 0 .74182 0 .53690 
3 0 .71916 0 . 7 1 9 1 4 0 . 7 1 9 1 7 
4 0 .67414 0 .71492 0 .69416 
5 0 . 6 7 5 3 7 0 .67542 0 .53772 
6 0 .72837 0 .72630 0 .72837 
7 0 .79970 O.80661 0 . 7 9 9 7 1 
8 0 .67727 0 .67723 0 . 6 7 7 2 5 
9 0 .69477 0 . 6 9 4 7 7 0 .69477 
10 0 .69820 0 .69822 0 .69823 
1 1 O.70165 0 . 7 0 1 6 4 0 . 7 0 0 6 7 
1 0 .62142 0 .62143 0 . 6 2 1 4 2 
2 0 .74182 0 .67482 0 .53690 
3 0 .71914 0 .71916 0 . 7 1 9 1 7 
4 0 .71492 0 .67416 0 .67416 
5 0 .67542 0 .67540 0 .53772 
6 0 .72630 0 .72839 0 . 7 2 8 3 7 
7 0 . 8 0 6 6 1 0 .79970 0 . 7 9 9 7 1 
8 0 .67723 0 .67773 0 . 6 7 7 2 5 
9 0 .69477 O.69678 0 .69477 
10 0 .69822 0 . 6 9 8 2 5 0 .69823 
1 1 0 .70164 O.70168 0 .70067 
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T a b l e 5 - C o r r e c t Cycle Normal Time V a l u e s , i n M i n u t e s 
( C o n t i n u e d ) 
Order Cyc le Method 
Number Number 
Of Of A B C 
1 0 . 6 2 1 4 3 0 .62145 0 .62142 
2 0 .67482 0 .67483 0 . 5 3 6 9 0 
3 0 . 7 1 9 1 6 0 . 7 1 9 2 0 0 . 7 1 9 1 7 
4 0 . 6 7 4 1 6 0 . 6 7 4 4 1 0 . 6 7 4 1 6 
5 0 .675^0 0 .67536 0 .53772 
6 0 . 7 2 8 3 9 0 .72834 0 . 7 2 8 3 7 
7 0 .79969 0 . 7 9 9 7 3 0 . 7 9 9 7 1 
CO
 
0 . 67725 0 .67722 0 .67725 
9 0 . 6 9 4 7 8 0 .69474 0 . 6 9 4 7 7 
10 0 .69825 0 .69824 O.69823 
11 0 . 7 0 8 0 1 0 .70164 O.70067 
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T a b l e 6 . Measured Cyc le Normal Time V a l u e s , i n M i n u t e s 
Man Cycle Method 
Number Number 
Of Of A B C 
1 0 .53100 
2 0 . 5 2 2 5 0 
3 0 . 4 7 1 2 0 
4 0 . 5 6 3 2 0 
5 0 . 5 2 7 2 0 
6 0 . 5 4 9 0 0 
7 0 .54900 
8 O.567OO 
9 0 .48000 
10 0 .62600 
11 O.605OO 
1 0 . 7 9 6 5 0 
2 0 . 7 4 1 0 0 
3 0 . 7 3 0 8 0 
0 . 7 3 6 0 0 
5 O.83625 
6 0 . 7 8 7 5 0 
7 0 . 8 0 0 0 0 
8 O.78OOO 
9 0 .82680 
10 0 .70000 
11 0 .78750 
1 0 . 6 3 0 0 0 
2 0 . 5 5 1 0 0 
3 O.53OIO 
0 . 6 1 7 5 0 
5 0 . 6 3 5 5 5 
6 O.63OOO 
7 0 .66150 
8 0 .67200 
9 0 . 6 8 2 0 0 
10 O.636OO 
1 1 O.638OO 
0 . 4 8 0 7 0 0 .43320 
0 . 4 1 8 0 0 0 . 4 7 9 0 0 
0 . 4 8 4 0 0 0 . 5 3 5 8 0 
0 . 4 3 0 0 0 0 . 5 1 1 9 0 
O.3960O 0 . 5 0 4 0 0 
0 . 4 1 6 5 0 0 .56415 
0 . 4 6 2 4 0 O.5653O 
0 . 4 7 0 0 0 0 .53120 
0 . 5 2 4 7 0 0 . 6 0 8 7 0 
0 . 4 5 0 0 0 O.53260 
0 . 4 5 9 0 0 0 . 5 6 4 8 0 
0 . 7 2 0 0 0 O.650OO 
0 . 6 4 6 0 0 0 . 7 4 6 5 0 
0 . 7 4 2 0 0 0 .83730 
0 . 6 1 2 0 0 0 . 7 9 2 5 0 
0 . 6 7 5 0 0 0 . 7 4 4 9 0 
0 . 7 4 1 0 0 0 . 8 2 9 2 5 
0 . 7 7 2 2 0 O.878OO 
0 . 7 2 9 0 0 0 . 8 0 0 7 5 
O.6785O O.70030 
0 .68400 0 . 6 7 9 5 0 
0 .72800 0 . 8 0 0 0 0 
0 . 5 0 9 2 0 0 . 5 4 4 0 0 
0 .55200 O.51000 
0 . 4 4 8 0 0 0 . 5 9 2 6 0 
O.5830O O.61350 
0 . 4 7 5 0 0 0 . 5 7 0 6 0 
0 . 4 3 2 0 0 O.59820 
0 . 6 1 3 2 0 0 . 5 4 1 2 0 
0 .62100 0 . 5 9 7 0 0 
0 . 6 2 7 0 0 O.587IO 
0 . 5 7 7 5 0 O.55900 
0 . 5 9 0 0 0 O.56900 
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T a b l e 6 . Measured Cycle Normal Time V a l u e s , i n Minu te s 
( C o n t i n u e d ) 
Man Cycle Method 
Number Number 
Of Of A B C 
1 0 .50940 0 .54600 O.55000 
2 0 . 5 3 0 0 0 0 .57750 0 .59800 
3 0 . 5 2 0 0 0 O.58500 O.50550 
4 0 . 5 0 0 0 0 O.55IOO O.60500 
5 0 . 5 2 8 0 0 O.51650 0 .60025 
6 0 .51300 0 . 5 9 1 3 0 O.59650 
7 0 . 5 2 5 6 0 O.60300 O.56800 
8 0 . 5 3 0 0 0 0 . 6 4 1 7 5 0 . 5 9 7 9 0 
9 0 . 5 9 8 5 0 O.508OO O.54750 
10 0 .59850 0 . 5 7 6 0 0 0 . 5 2 4 0 0 
1 1 0 . 5 7 7 5 0 O.53100 O.568OO 
1 0 . 5 1 8 7 0 O.55000 0 . 5 4 8 0 0 
2 0 .56000 O.5670O O.56IOO 
3 0 .50350 0 .64000 O.585OO 
4 0 . 4 7 5 0 0 O.58000 0 .65950 
5 0 . 5 3 0 0 0 0 . 6 5 4 0 0 O.65150 
6 0 . 5 6 7 0 0 0 . 6 7 9 3 5 0 . 6 2 8 5 0 
7 0 . 6 2 3 7 0 0 .66000 O.59050 
8 0 . 5 7 7 5 0 0 .64350 O.60670 
9 0 . 6 3 0 0 0 0 .57540 O.58500 
10 0 .58800 O.60500 0 . 5 8 3 0 0 
1 1 0 . 6 0 9 0 0 O.6380O 0 . 6 1 5 0 0 
1 0 . 5 1 8 7 0 0 . 6 0 0 0 0 O.47050 
2 0 . 5 2 2 5 0 0 .49500 0 . 5 1 5 5 0 
3 0 . 5 0 3 5 0 0 .57600 0 . 5 7 3 0 0 
0 . 5 1 0 0 0 0 . 4 7 2 0 0 0 . 5 6 2 0 0 
5 0 . 5 0 0 0 0 0 . 4 8 0 6 0 0 . 6 1 3 0 0 
6 , 0 . 5 1 3 0 0 0 . 5 3 3 6 0 O.56IOO 
7 0 . 4 6 7 2 0 0 . 4 8 0 0 0 O.56350 
CO
 
0 . 45600 0 . 4 9 2 0 0 0 . 5 9 0 0 0 
9 0 .48450 0 . 6 0 2 8 0 0 . 4 3 9 0 0 
10 O.55IOO 0 . 5 5 0 0 0 0 . 5 1 1 0 0 
l l 0 .54150 0 . 4 7 2 0 0 0 . 5 3 9 0 0 
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T a b l e 6 . Measured Cyc le Normal Time V a l u e s , I n Minu te s 
( C o n t i n u e d ) 
Man Cycle Method 
Number Number 
Of Of A B C 
1 0 .57600 0 . 6 2 5 0 0 0 . 5 2 0 0 0 
2 0 .60950 0 . 6 2 5 0 0 0 . 6 4 3 0 0 
3 0 .69000 0 .62400 O.59205 
4 0 .63250 0 .69000 0 .64000 
5 0 .59110 0 .66125 0 . 6 7 1 0 5 
6 0 .68655 0 .60500 0 .64500 
7 0 .70800 0 . 6 0 9 5 0 O.65OOO 
8 0 .64975 0 . 6 3 4 8 0 0 .63200 
9 0 .58420 0 .67500 0 .62055 
10 O.598OO 0 . 6 3 7 5 0 0 . 6 1 6 5 0 
1 1 0 . 6 8 7 5 0 0 . 6 2 5 0 0 0 .60950 
1 O.51450 0 .52500 0 .57950 
2 0 .53550 0 . 5 5 0 0 0 0 .55950 
3 0 .60000 0 .58300 0 .59510 
4 O.53000 0 . 6 0 9 0 0 0 .61000 
5 0 .50730 0 .624^5 0 .64350 
6 0 .61700 0 . 5 9 8 5 0 0 . 6 1 3 5 0 
7 0 . 5 8 2 3 5 0 .49500 0 . 5 7 7 5 0 
8 0 .54500 0 .62160 0 . 5 9 2 0 0 
9 0 . 5 4 3 9 0 O.57200 0 .57100 
10 0 . 5 6 1 0 0 0 . 5 0 4 0 0 0 . 5 5 7 4 0 
11 0 . 5 9 8 5 0 O.605OO 0 .58600 
1 0 . 6 2 4 0 0 0 . 6 2 5 0 0 0 .71420 
2 0 .65000 O.650OO 0 .63500 
3 0 .61000 0 .66250 0 .72595 
0 .53900 0 . 7 0 8 0 0 0 . 7 2 3 5 0 
5 0 .57400 0 . 7 1 8 75 0 . 6 8 5 9 0 
6 0 .62685 0 .70000 0 .64350 
7 0 .64050 O.663OO 0 .61100 OO 0 . 5 6 1 7 5 0 .75870 O.698OO 
9 0 .56980 0 . 6 8 9 0 0 O.73000 
10 0 .70200 0 .70200 0 . 8 3 4 6 0 
11 0 .72900 O.71550 O.67IOO 
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T a b l e 6 . Measured Cyc le Normal Time V a l u e s , i n M i n u t e s 
( C o n t i n u e d ) 
Man Cycle Method 
Number Number 
Of Of A B C 
1 0 . 5 1 0 0 0 0 .56000 0 . 4 8 1 2 6 
2 0 . 5 9 0 0 0 0 . 5 1 3 0 0 0 . 6 1 1 5 0 
3 0 . 5 2 0 0 0 0 . 5 5 9 0 0 0 .47700 
4 0 .52200 0 .62000 0 .48050 
5 O.50850 0 .55710 0 . 4 7 0 6 0 
6 0 . 5 4 0 0 0 0 . 5 7 0 0 0 0 .49250 
7 0 .51450 0 . 5 6 0 5 0 0 .51060 
8 0 .49680 0 . 5 6 0 5 0 0 .50400 
9 0 .51000 0 .57680 0 .52620 
10 0 .53550 0 .55440 0 .54160 
l l 0 .48600 0 . 5 4 0 0 0 0 . 5 2 5 6 0 
l 0 .60000 0 .68400 0 .60500 
2 0 .62500 0 .73200 0 .64550 
3 0 .65000 0 .56235 0 .55050 
4 0 .79300 0 .71400 0 . 6 1 0 0 0 
5 0 . 6 6 6 0 0 0 . 6 8 1 4 5 0 . 5 4 0 0 0 
6 0 .67200 0 .68200 0 . 6 5 1 5 0 
7 0 .62400 0 . 7 2 4 5 0 0 .68830 
8 0 .73060 O.76800 0 .54300 
9 0 .68900 0 .70200 0 .70200 
10 0 .63750 0 .77520 0 .68550 
11 0 . 6 6 0 0 0 0 . 6 5 5 5 0 0 . 6 7 5 0 0 
1 0 .63750 0 . 6 8 9 0 0 0 . 5 0 4 2 0 
2 0 . 6 2 5 0 0 0 . 7 0 2 0 0 0 . 6 3 3 5 0 
3 0 .63600 0 . 5 4 4 7 0 0 . 5 1 6 0 0 
0 .65550 0 . 6 7 8 5 0 0 . 5 3 1 5 0 
0 .63825 0 . 7 4 2 8 0 0 . 4 7 8 0 0 
6 0 .66000 0 . 7 2 0 0 0 0 . 5 9 2 5 0 
7 0 .66000 0 . 7 3 7 5 0 0 . 5 5 5 6 0 
8 0 . 5 3 3 9 0 0 . 7 4 4 0 0 0 . 5 6 5 5 0 
9 0 . 6 2 5 0 0 0 . 7 4 1 0 0 0 . 5 9 9 0 0 
10 0 . 6 2 5 0 0 0 . 5 2 7 4 0 0 . 5 9 6 5 0 
11 o .648oo 0 .66250 0 .64500 
35 
T a b l e 7 . Mean E r r o r i n Measured Cyc le Normal Time V a l u e s , 
i n T e n - T h o u s a n d t h s of a Minute 
Order Man Cycle Method 
Number Number Number 




















9 1 3 2 1 * 
10 18* 
1 1 8 6 1 * 
1 8 6 * 





8 5 7 * 
9 127 
10 622 














2 2 8 * 1 1 8 1 * 





160 5 5 * 
142 187 







I 8 6 5 2585 





T a b l e , 7 . Mean E r r o r I n Measured Cycle Normal Time V a l u e s , 
in T e n - T h o u s a n d t h s of a Minute 
( C o n t i n u e d ) 
Order Man Cycle Method 
Number Number Number 
Of Of A B C 
l 1120 754 714 
2 1350 1643 6 1 1 * 
3 1992 1341 2137 
4 1741 1639 692 
5 1474 1589 625* 
6 2154 1350 1319 
7 2 7 4 1 2036 2317 
8 1473 355 794 
9 963 1868 1473 
10 997 1222 1742 
l i 1242 1706 1327 
l 1027 714 734 
2 1050 1748 2 4 1 * 
3 2157 791 1342 
4 1991 1349 147 
5 1454 214 1138* 
6 1614 470 999 
7 1760 1466 2092 
8 998 337 706 
9 643 1194 1098 
10 1102 932 1162 
n 927 636 8 5 7 
l 1027 214 1509 
2 1463 2468 214 
3 2157 1 4 3 1 1462 
1641 2429 1122 
5 1754 1948 7 5 3 * 
6 2154 1927 I 6 7 4 
7 3325 3266 2362 
8 2213 I 8 5 2 873 
9 2103 920 2588 
10 1472 1482 I 8 7 2 
1 1 1602 2296 1617 
3 
T a b l e 7 . Mean E r r o r i n Measured Cyc le Normal Time V a l u e s , 
i n T e n - T h o u s a n d t h s of a Minute 
( C o n t i n u e d ) 
Order Man Cycle Method 
Number Number Number 
Of Of Of A B C 
1 4^4 36* 1014 
2 1323 498 1 0 6 1 * 
3 2 9 1 952 1271 
4 824 158 342 
5 843 142 1333* 
6 397 1234 834 
7 936 1902 1497 
8 275 429 453 
9 1106 198 742 
10 968 608 817 
11 142 767 912 
1 1069 964 419 
2 2063 1248 2 2 5 * 
3 1191 1362 1241 
4 1849 652 642 
5 1681 507 1058* 
6 1093 1299 1149 
7 2243 3047 2222 
8 1322 5 6 I 618 
9 1509 1228 1238 
10 1372 1943 1403 
11 1031 967 1147 
1 2 6 * 36* 928* 
2 918 248 9 8 1 * 
3 1091 567 678* 
4 1759 338* 4 9 3 * 
5 1014 434* 1482* 
6 995 284 849 
7 1661 1367 1287 
8 1155 810 2 0 8 * 
9 1250 58 352* 
10 38* 38* 1364* 
l l 2 7 4 * I 3 8 * 297 
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T a b l e 7 . Mean E r r o r i n Measured Cycle Normal Time V a l u e s , 
i n Ten-Thousandi-.rii-; of a Minute-
( C o n t i n u e d ) 
Order Man Cycle Method 
Number Number Number 
Of A B C 
1 1114 615 1402 
2 1BH8 1618 746* 
3 1992 1602 2422 
4 1522 644 1937 
5 1669 H 8 3 671 
6 1884 1583 2339 
7 2852 2392 2 8 9 1 CO I 8 0 5 1166 1733 
9 1848 1179 1686 
10 1628 1438 1566 
11 2220 1616 1751 
1 214 626* 164 
2 498 572* 1086* 
3 693 1568 1687 
1188* 360* 642 
5 94 6 1 * 2 3 * 
6 564 463 769 
7 1759 752 1114 
8 534* 908* 1343 
9 58 7 3 * 72* 
10 608 770* 127 
11 480 4 6 1 257 
1 1 6 1 * 676* 1172 
2 498 272* 966* 
3 832 1745 2032 
4 186 4 1 * 1427 
5 372 674* 597 
6 684 8 3 1728 
7 1622 622 2441 
8 1434 668* 1118 
9 698 4 6 3 * 958 
10 733 1708 1017 
1 1 600 391 557 
* - I n d i c a t e s a n e r r o r g r e a t e r t h a n t h e c o r r e c t v a l u e . 
T a b l e 8 . R e s u l t s of A n a l y s i s of V a r i a n c e f o r T h r e e Methods 
Sou rce of Degrees of Sum of Mean F 
V a r i a t i o n Freedom S q u a r e s S q u a r e s R a t i o 
c 120 1 3 6 , 2 8 9 , 8 3 5 1 , 1 3 5 , 7 4 9 6 . 3 8 * 
M 2 6 , 4 5 5 , 6 0 0 3 , 2 2 7 , 8 0 0 3 . 2 2 * * 
0 3 2 6 , 1 0 5 , 8 2 6 8 , 7 0 1 , 9 4 2 0 . 4 8 
t oo
 
1 4 4 , 5 8 6 , 8 4 4 1 8 , 0 7 3 , 3 5 6 1 0 . 1 6 * 
MO i n t e r a c t i o n 6 2 7 , 1 6 7 , 6 4 9 4 , 5 2 7 , 9 4 2 3 - 9 9 * 
Mt i n t e r a c t i o n 16 1 6 , 0 5 0 , 4 8 6 1 , 0 0 3 , 1 5 5 5 . 6 4 * 
c t I n t e r a c t i o n 240 4 2 , 7 0 9 , 4 9 3 1 7 7 , 9 5 6 
c , t , a n d Mt t e s t e d a g a i n s t c t 
M t e s t e d a g a i n s t Mt 
0 t e s t e d a g a i n s t t 
M0 t e s t e d a g a i n s t c 
* S i g n i f i c a n t a t 10$ l e v e l of s i g n i f i c a n c e 
* * S i g n i f i c a n t a t 1$ l e v e l of s i g n i f i c a n c e 
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c a l c u l a t e d . These mean s q u a r e s were u s e d t o d e t e r m i n e t h e F r a t i o f o r 
e a c h s o u r c e b e i n g t e s t e d . U s i n g a t a b l e of F v a l u e s (k^>), t h e c a l c u l a t e d 
F r a t i o s were t e s t e d a t t h e 0 . 1 0 , 0 . 0 5 a n d 0 . 0 1 l e v e l s of s i g n i f i c a n c e . 
The n u l l h y p o t h e s i s t h a t t h e r e i s no s i g n i f i c a n t d i f f e r e n c e i n 
t h e mean e r r o r of t h e m e a s u r e d c y c l e n o r m a l t i m e due t o t h e d i f f e r e n t 
methods i s r e j e c t e d a t t h e 0 . 0 1 l e v e l of s i g n i f i c a n c e ; i t c an n o t be 
r e j e c t e d a t t h e 0 . 0 5 l e v e l of s i g n i f i c a n c e . T h i s means t h a t , a t t h e 0 . 1 0 
l e v e l of s i g n i f i c a n c e , one method i s more c o n s i s t e n t t h a n o t h e r ; t h i s i s 
n o t t r u e a t t h e 0 . 0 5 l e v e l , of s i g n i f i c a n c e . Method C h a s l e s s mean e r r o r 
t h a n Method B , wh ich has l e s s mean e r r o r t h a n Method A. T h i s may be 
i n t e r p r e t e d t o mean t h a t Method C t e n d s t o be more c o n s i s t e n t l y c o r r e c t t h a n 
Method B a n d Method A, and Method B t e n d s t o be more c o n s i s t e n t l y c o r r e c t 
t h a n Method A. 
The n u l l h y p o t h e s i s t h a t t h e r e i s no s i g n i f i c a n t d i f f e r e n c e i n t h e 
mean e r r o r of t h e m e a s u r e d n o r m a l c y c l e t i m e f o r d i f f e r e n t c y c l e s i s 
r e j e c t e d a t t h e 0 . 0 1 l e v e l of s i g n i f i c a n c e . T h i s means t h a t t h e mean 
e r r o r of t h e m e a s u r e d c y c l e n o r m a l t i m e v a r i e d f rom c y c l e t o c y c l e . T h i s 
r e s u l t , which was c e r t a i n l y t o be e x p e c t e d , i s due t o a number of c a u s e s 
s u c h a s t h e d i f f e r e n c e s i n t h e l e n g t h of c y c l e t i m e s and t h e p o s s i b l e 
e f f e c t of t h e s e d i f f e r e n c e s upon t h e t i m e s t u d y m a n ' s a b i l i t y t o p r o p e r l y 
r a t e t h e o p e r a t o r s l e v e l of p e r f o r m a n c e . 
The n u l l h y p o t h e s i s t h a t t h e r e i s no s i g n i f i c a n t d i f f e r e n c e i n t h e 
mean e r r o r of t h e m e a s u r e d c y c l e n o r m a l t i m e due t o t h e o r d e r i n wh ich 
t h e f i l m s were o b s e r v e d by t h e t i m e s t u d y men c a n n o t be r e j e c t e d . The 
r e s u l t i s h i g h l y d e s i r a b l e s i n c e t h e p u r p o s e of r o t a t i n g t h e p r e s e n t a t i o n 
of t h e f i l m s was t o d e t e r m i n e t h e e f f e c t of t h i s f a c t o r a n d t o e l i m i n a t e 
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i t a s a s o u r c e of v a r i a t i o n i n s u b s e q u e n t t e s t s . 
The n u l l h y p o t h e s i s t h a t t h e r e i s no s i g n i f i c a n t d i f f e r e n c e i n t h e 
mean e r r o r of t h e m e a s u r e d c y c l e n o r m a l t i m e due t o t h e t i m e s t u d y men i s 
r e j e c t e d a t t h e 0 . 0 1 l e v e l of s i g n i f i c a n c e . S i n c e most p e o p l e v a r y s o 
w i d e l y i n most a b i l i t i e s and a t t r i b u t e s , i t was e x p e c t e d t h a t t h i s s o u r c e 
of v a r i a t i o n would be s i g n i f i c a n t . 
The n u l l h y p o t h e s i s t h a t t h e e f f e c t of t h e method on t h e mean e r r o r 
of t h e m e a s u r e d c y c l e n o r m a l t i m e does n o t v a r y w i t h t h e o r d e r i n which 
t h e f i l m s were o b s e r v e d by t h e t i m e s t u d y men i s r e j e c t e d a t t h e 0 . 0 1 
l e v e l of s i g n i f i c a n c e . T h i s means t h a t t h e r e l a t i v e c o n s i s t e n c y of t h e 
methods i n d e t e r m i n i n g t h e c o r r e c t c y c l e n o r m a l t i m e depended upon t h e 
o r d e r i n wh ich t h e f i l m s were o b s e r v e d by t h e t i m e s t u d y men. Each man 
d i d n o t use e a c h method on e a c h f i l m ; t h e r e f o r e , t h e dependence of t h e 
c o n s i s t e n c y of t h e methods upon t h e o r d e r of f i l m s seem a n a t u r a l r e s u l t 
of e x p e r i m e n t a l d e s i g n w h i c h , a l t h o u g h u n d e s i r a b l e , was u n a v o i d a b l e . 
The n u l l h y p o t h e s i s t h a t t h e e f f e c t of t h e method upon t h e mean 
e r r o r of t h e m e a s u r e d n o r m a l c y c l e t ime does n o t v a r y w i t h t h e t i m e s t u d y 
man i s r e j e c t e d a t t h e 0 . 0 1 l e v e l of s i g n i f i c a n c e . T h i s means t h a t a 
p a r t i c u l a r method i s more c o n s i s t e n t f o r one man t h a n i t i s f o r a n o t h e r 
man. T h i s r e s u l t does n o t seem t o o u n u s u a l when c o n s i d e r a t i o n i s g i v e n 
t o t h e l a r g e mean s q u a r e of t h e s o u r c e of v a r i a t i o n due t o t h e t i m e 
s t u d y men a n d t h e f a c t t h a t most of t h e t i m e s t u d y men seemed t o be more 
f a m i l a r w i t h a n d had a p r e f e r e n c e f o r a p a r t i c u l a r me thod . 
For f u r t h e r e x p l a n a t i o n of t h e s i g n i f i c a n c e of t h e methods t i m e 
s t u d y men i n t e r a c t i o n , t h e method which e a c h t i m e s t u d y man p r e f e r r e d 
was compared t o t h e method f o r which e a c h t i m e s t u d y man had t h e b e s t 
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p e r f o r m a n c e ; b e s t p e r f o r m a n c e was t a k e n a s b e i n g t h a t method f o r which 
t h e t i m e s t u d y man had t h e l e a s t t o t a l mean e r r o r of t h e m e a s u r e d c y c l e 
n o r m a l t i m e . These c o m p a r i s o n s a r e shown i n T a b l e 17 in t h e A p p e n d i x . 
The r e s u l t s of t h i s c o m p a r i s o n i n d i c a t e s t h a t t h e r e i s no s i g n i f i c a n t 
c o r r e l a t i o n be tween t h e p r e f e r e n c e by t h e t i m e s t u d y men a n d t h e i r 
p e r f o r m a n c e on t h e v a r i o u s m e t h o d s . 
From b o t h of t h e a n a l y s e s of v a r i a n c e , s t a n d a r d d e v i a t i o n s were 
c a l c u l a t e d . The s t a n d a r d d e v i a t i o n of t h e mean e r r o r of t h e measu red c y c l e 
n o r m a l t i m e due t o t h e c y c l e i s O.O565O m i n u t e s . The s t a n d a r d d e v i a t i o n 
of t h e mean e r r o r of measu red c y c l e n o r m a l t i m e f o r t h e t i m e s t u d y 
m e n - c y c l e i n t e r a c t i o n i s 0 . 0 4 2 1 3 m i n u t e s . For t h e t h r e e - m e t h o d a n a l y s i s , 
t h e s t a n d a r d d e v i a t i o n of t h e mean e r r o r of t h e m e a s u r e d c y c l e no rma l 
t i m e f o r t h e t i m e s t u d y man i s 0 . 07364 m i n u t e s . For t h e f o u r - m e t h o d 
a n a l y s i s , t h e s t a n d a r d d e v i a t i o n of t h e mean e r r o r of t h e m e a s u r e d n o r m a l 
t i m e f o r t h e t i m e s t u d y men i s O.06767 m i n u t e s . 
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CHAPTER V I I 
CONCLUSIONS AND RECOMMENDATIONS 
T h i s r e s e a r c h h a s b e e n c o n c e r n e d w i t h a p r e l i m i n a r y I n v e s t i g a t i o n 
of f o u r methods of t i m i n g a n d r a t i n g work a c t i v i t y . These f o u r methods 
a r e u s e d i n t h e p r a c t i c e of s t o p - w a t c h t i m e s t u d y . The p r i m a r y o b j e c t i v e 
of t h i s r e s e a r c h was a n e x a m i n a t i o n of t h e r e l a t i v e c o n s i s t e n c y of t h e 
f o u r methods t o c o r r e c t l y measure n o r m a l t i m e v a l u e s and of t h e r e l a t i v e 
c o n s i s t e n c y of t h r e e of t h e s e methods t o measure c o r r e c t c y c l e n o r m a l 
t i m e v a l u e s . The s e c o n d o b j e c t i v e was t o d e t e r m i n e some of t h e s o u r c e s 
of v a r i a t i o n w i t h i n t h e m e t h o d s . 
As a r e s u l t of t h e s t a t i s t i c a l a n a l y s i s of t h e d a t a of t h e 
e x p e r i m e n t , t h e f o l l o w i n g r e s u l t s may be l i s t e d : 
1 . T h e r e was i n s u f f i c i e n t e v i d e n c e t o r e j e c t t h e n u l l h y p o t h e s i s 
t h a t t h e r e i s no s i g n i f i c a n t d i f f e r e n c e i n t h e c o n i s s t e n c y 
of t h e f o u r methods i n m e a s u r i n g c o r r e c t no rma l t i m e . 
2 . A dependence of r e l a t i v e c o n s i s t e n c y of t h e methods upon t h e 
o r d e r of f i l m p r e s e n t a t i o n was i n d i c a t e d : 
a . Method A was more c o n s i s t e n t f o r Order 1 , 
b . Method B was more c o n s i s t e n t f o r Order 4 , 
c . Method C was more c o n s i s t e n t f o r Order 3 , 
d . Method D was more c o n s i s t e n t f o r Order 4 . 
3 . The s t a n d a r d d e v i a t i o n of t h e mean e r r o r of t h e measu red n o r m a l 
t i m e f o r t h e t i m e s t u d y men was O.06767 m i n u t e s . 
4 . Method C m e a s u r e d c o r r e c t c y c l e no rma l t i m e more c o n s i s t e n t l y 
t h a n e i t h e r Method B or Method A. Method B m e a s u r e d c o r r e c t 
c y c l e n o r m a l t i m e more c o n s i s t e n t l y t h a n Method A. These 
d i f f e r e n c e s were n o t s i g n i f i c a n t a t t h e O.05 p r o b a b i l i t y l e v e l , 
b u t were a t t h e 0 . 1 0 l e v e l . 
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5 . In t h e t h r e e - m e t h o d a n a l y s i s , a dependence of r e l a t i v e 
c o n s i s t e n c y of t h e methods upon t h e o r d e r of f i l m p r e s e n t a t i o n 
v a s i n d i c a t e d : 
a . Method A was more c o n s i s t e n t f o r Order 1 , 
b . Method B was more c o n s i s t e n t f o r Order 2 , 
c . Method C was more c o n s i s t e n t f o r Order 3« 
6 . The r e l a t i v e c o n s i s t e n c y of t h e a b i l i t y of t h e t h r e e methods 
t o d e t e r m i n e c o r r e c t c y c l e no rma l t i m e d e p e n d e d upon t h e t i m e 
s t u d y man. 
7 . T h e r e was no s i g n i f i c a n t c o r r e l a t i o n "between t h e method 
p r e f e r r e d by a t i m e s t u d y man a n d t h e method f o r wh ich he 
had t h e b e s t p e r f o r m a n c e . 
8 . The s t a n d a r d d e v i a t i o n of t h e mean e r r o r of t h e measu red 
c y c l e n o r m a l t i m e f o r t h e c y c l e was O.O565O m i n u t e s . 
9 . The s t a n d a r d d e v i a t i o n of t h e mean e r r o r of m e a s u r e d c y c l e 
n o r m a l t ime f o r t h e c y c l e - t i m e s t u d y men i n t e r a c t i o n was 
0 . 0 4 2 1 8 m i n u t e s . 
1 0 . The s t a n d a r d d e v i a t i o n of t h e mean e r r o r of t h e m e a s u r e d c y c l e 
no rma l t i m e f o r t h e t i m e s t u d y man was O.O7364 m i n u t e s . 
Any c o n c l u s i o n s b a s e d upon t h e above r e s u l t s s h o u l d be made i n l i g h t 
of t h e l i m i t a t i o n s of t h i s i n v e s t i g a t i o n . Only one o p e r a t o r p e r f o r m i n g one 
o p e r a t i o n was s t u d i e d . F u r t h e r m o r e , t h e o p e r a t i o n was a manua l one i n 
wh ich t h e l e v e l of p e r f o r m a n c e was c o n t r o l l e d by t h e o p e r a t o r . T h i s l a s t 
l i m i t a t i o n wou ld r e s t r i c t a n y c o n c l u s i o n s made t o b e i n g a p p l i c a b l e t o 
m a n u a l , o p e r a t o r - c o n t r o l l e d o p e r a t i o n s or work a c t i v i t i e s . The sample of 
t i m e s t u d y men was assumed t o be random. T h i s would a p p e a r , howeve r , t o 
have l e s s e f f e c t upon t h e v a l i d i t y of t h e r e s u l t s t h a n t h e f a c t t h a t e a c h 
man d i d n o t u s e e a c h method on e a c h f i l m . Mot ion p i c t u r e s of t h e 
o p e r a t i o n r a t h e r t h a n t h e o p e r a t i o n i n I t s n a t u r a l e n v i r o n m e n t were 
w t u d i e d . R e s e a r c h , p r e s e n t l y b e i n g c o n d u c t e d a t t h e G e o r g i a I n s t i t u t e of 
T e c h n o l o g y s h o u l d p r o v i d e a n i n d i c a t i o n of t h e e f f e c t of t h i s l i m i t a t i o n 
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upon t h e r e s u l t s of t h i s s t u d y . The methods were u s e d i n o n l y one s e q u e n c e , 
t h e s e l e c t i o n of which was s u b j e c t i v e ; however , i t i s f e l t t h a t t h e e f f e c t 
of t h i s s o u r c e of e r r o r i s n e g l i g i b l e . The a s s u m p t i o n s i m p l i e d by t h e 
use of t h e p r o c e d u r e of a n a l y s i s of v a r i a n c e may n o t be v a l i d . I t i s 
b e l i e v e d , howeve r , t h a t d e v i a t i o n s from t h e s e a s s u m p t i o n s a r e n o t of such 
e x t e n t a s t o i n v a l i d a t e t h e r e s u l t s f rom t h e a n a l y s i s of v a r i a n c e t e s t s 
t h a t were made, p e r h a p s t h e g r e a t e s t l i m i t a t i o n upon t h e r e s u l t s of 
t h i s e x p e r i m e n t was t h e method of d e t e r m i n a t i o n of t h e c o r r e c t r a t i n g 
f a c t o r s . These d e t e r m i n a t i o n s i n v o l v e d a p o o l e d mean judgement by p a r t 
of t h e sample of t i m e s t u d y men, t h e r e b y i n t r o d u c i n g p o s s i b l e b i a s e s i n 
t h e r e s u l t s of t h e i r e r r o r s . N a t u r a l l y , t h i s method of d e t e r m i n i n g 
" c o r r e c t " r a t i n g f a c t o r s was b o t h a r b i t r a r y and s u b j e c t i v e . 
In v i e w of t h e above d i s c u s s e d l i m i t a t i o n s , t h e f o l l o w i n g g e n e r a l 
c o n c l u s i o n s may be made: 
1 . The r e s u l t s of t h i s i n v e s t i g a t i o n does n o t i n d i c a t e any 
s i g n i f i c a n t d i f f e r e n c e i n t h e c o n s i s t e n c y of t h e f o u r methods 
i n m e a s u r i n g n o r m a l t i m e f o r m a n u a l , o p e r a t o r - c o n t r o l l e d 
work a c t i v i t y . 
2 . B a s e d upon t h e r e s u l t s of t h i s e x p e r i m e n t , s e l e c t i o n a n d u s e 
of one of t h e f o u r methods of t i m i n g a n d r a t i n g s h o u l d depend 
t o some e x t e n t upon t h e i n d i v i d u a l t i m e s t u d y man. 
The f i n a l s e l e c t i o n of a p a r t i c u l a r method s h o u l d t a k e i n t o c o n s i d e r a t i o n 
such a d d i t i o n a l f a c t o r s a s b e i n g a b l e t o d e t e c t minor methods d e v i a t i o n s 
when t i m i n g e l e m e n t s , u se of e l e m e n t a l t i m e v a l u e s , i n t h e d e s i g n of 
p r e d e t e r m i n e d t i m e s y s t e m s , a n d u se of e l e m e n t t i m e v a l u e s a n d c y c l e 
r a t i n g f a c t o r s i n t h e deve lopmen t of s t a n d a r d d a t a s y s t e m s . 
In o r d e r t o f u r t h e r v a l i d a t e t h e r e s u l t s a n d f i n d i n g s of t h i s 
p r e l i m i n a r y i n v e s t i g a t i o n of t h e f o u r m e t h o d s , i t i s recommended t h a t 
f u r t h e r e x a m i n a t i o n be made of t h e f o u r m e t h o d s . I t i s s t r o n g l y s u g g e s t e d 
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t h a t i n t h i s f u r t h e r e x p l o r a t i o n t h e t i m e s t u d y men make t h e o b s e r v a t i o n s 
i n t h e a c t u a l i n d u s t r i a l e n v i r o n m e n t of t h e o p e r a t i o n i n o r d e r t o a v o i d 
some of t h e d i s a d v a n t a g e s a n d d i f f i c u l t i e s of t i m i n g a n d r a t i n g s i l e n t 
m o t i o n p i c t u r e s of a n o p e r a t i o n . I t i s a l s o recommended t h a t t h e s e q u e n c e 
of u s e of t h e f o u r methods be r o t a t e d s o a s t o p r o v i d e f o r t h e b e s t 
p o s s i b l e s e q u e n c e a n d t o e l i m i n a t e t h i s f a c t o r a s a s o u r c e of p o s s i b l e 
e r r o r . I t i s h i g h l y recommended t h a t a s y s t e m or p r o c e d u r e f o r d e t e r m i n i n g 
t h e " c o r r e c t " r a t i n g f a c t o r be d e v e l o p e d or u s e d wh ich w i l l n o t i n v o l v e 
t h e judgement of any of t h e o b s e r v e r s . I t s h o u l d be r e a l i z e d , of c o u r s e , 
t h a t a n y such p r o c e d u r e o r s y s t e m w i l l be s u b j e c t i v e a n d a r b i t r a r y . 
T h i s a r b i t r a r y b a s e does n o t i n v a l i d a t e any measure of c o n s i s t e n c y , how­
e v e r , i t does e l i m i n a t e any c o n c l u s i o n s c o n c e r n i n g a c c u r a c y . 
I t i s recommended t h a t t h e s cope of any f u r t h e r i n v e s t i g a t i o n be 
e x t e n d e d t o i n c l u d e o t h e r t y p e s of work a c t i v i t y a n d o t h e r c y c l e l e n g t h s . 
I n t h i s way t h e r e s u l t s a n d f i n d i n g s of t h e e x p e r i m e n t c o u l d have w i d e r 
a p p l i c a t i o n . 
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APPENDIX 
Elemen t 1 When o p e r a t o r r e l e a s e s a f i n i s h e d s h i r t a s she 
p l a c e s I t on a s t a c k . 
E l e m e n t 2 When o p e r a t o r ' s r i g h t hand r e l e a s e s s h i r t - h a c k i n g 
h o a r d a t c o m p l e t i o n of i n s e r t i o n of i t i n t o t h e 
s h i r t c o l l a r . 
E l emen t 3 When o p e r a t o r ' s l e f t hand r e l e a s e s t h e c l o t h e s 
p i n a t t h e c o m p l e t i o n of p l a c i n g i t on t h e 
s h i r t f o l d . 
E lemen t k When o p e r a t o r ' s l e f t hand r e l e a s e s t h e c l o t h e s 
p i n s u b s e q u e n t t o t h e r e m o v a l of i t f rom t h e 
s h i r t f o l d . 
E l e m e n t 5 When o p e r a t o r ' s r i g h t hand f i r s t c o n t a c t s t h e 
h a n d l e of t h e i r o n p r i o r t o t h e i r o n i n g of t h e 
s h i r t c o l l a r . 
The s t a r t i n g p o i n t of a n e l e m e n t i s t h e e n d i n g p o i n t of t h e 
p r o c e e d i n g e l e m e n t . 
k8 
F i g u r e 1 . E l emen t B r e a k p o i n t s of t h e O p e r a t i o n 
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1 . (Given i m m e d i a t e l y b e f o r e t h e f i r s t f i l m was shown . ) 
You w i l l now u s e t h e t o p s h e e t you have b e e n g i v e n . You w i l l 
u se t h e method of t i m i n g t h e e n t i r e c y c l e a n d r a t i n g t h e e n t i r e c y c l e . 
T h e r e a r e 1 1 c y c l e s . S t a r t t i m i n g when you f i r s t s e e a n image of t h e 
o p e r a t i o n a p p e a r on t h e s c r e e n . A few s e c o n d s b e f o r e t h e f i r s t image 
a p p e a r s you w i l l s e e a s e r i e s of b l u e v e r t i c a l m a r k s . These a r e t o 
a l l o w you t o be p r e p a r e d t o s t a r t t i m i n g . S h o r t l y a f t e r t h e b l u e marks 
a p p e a r , t h e f i r s t image w i l l a p p e a r . 
2 . (G iven i m m e d i a t e l y a f t e r e a c h f i l m was shown . ) 
Take t h e t o p s h e e t o f f t h e p i l e , t u r n i t o v e r , a n d p l a c e i t 
on t h e b o t t o m of t h e p i l e . 
3 . ( G i v e n i m m e d i a t e l y b e f o r e t h e s e c o n d f i l m was shown . ) 
You w i l l now u s e t h e t o p s h e e t you have b e e n g i v e n . You w i l l 
u s e t h e method of t i m i n g e a c h e l e m e n t a n d r a t i n g e a c h c y c l e . T h e r e a r e 
11 c y c l e s . S t a r t t i m i n g when you f i r s t s e e a n image of t h e o p e r a t i o n 
a p p e a r on t h e s c r e e n . A few s e c o n d s b e f o r e t h e f i r s t image a p p e a r s you 
w i l l s e e a s e r i e s of b l u e v e r t i c a l m a r k s . These a r e t o a l l o w you t o be 
p r e p a r e d t o s t a r t t i m i n g . S h o r t l y a f t e r t h e b l u e marks a p p e a r , t h e f i r s t 
image w i l l a p p e a r . 
4 . Same a s number 2 . 
5 . (G iven i m m e d i a t e l y b e f o r e t h e t h i r d f i l m was shown. ) 
You w i l l now u s e t h e t o p s h e e t you have b e e n g i v e n . You w i l l 
u s e t h e method of t i m i n g e a c h e l e m e n t a n d r a t i n g e a c h e l e m e n t . T h e r e 
a r e 1 1 c y c l e s . S t a r t t i m i n g when you f i r s t s e e a n image of t h e o p e r a t i o n 
a p p e a r on t h e s c r e e n . A few s e c o n d s b e f o r e t h e f i r s t image a p p e a r s you 
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w i l l s e e a s e r i e s of "blue v e r t i c a l m a r k s . These a r e t o a l l o w you t o 
be p r e p a r e d t o s t a r t t i m i n g . S h o r t l y a f t e r t h e b l u e marks a p p e a r , 
t h e f i r s t image w i l l a p p e a r . 
6 . Same a s number 2 , 
7 . (G iven i m m e d i a t e l y b e f o r e t h e f o u r t h f i l m was shown. ) 
You w i l l now use t h e t o p s h e e t you have b e e n g i v e n . You 
w i l l u s e t h e method of t i m i n g e a c h e l e m e n t a n d d e t e r m i n i n g a n o v e r - a l l 
r a t i n g f o r e a c h e l e m e n t f o r t h e 1 1 c y c l e s . The re w i l l be 1 1 c y c l e s . 
S t a r t t i m i n g whan you f i r s t s e e a n image of t h e o p e r a t i o n a p p e a r on 
t h e s c r e e n . A few s e c o n d s b e f o r e t h e f i r s t image a p p e a r s , you w i l l 
s e e a s e r i e s of b l u e v e r t i c a l m a r k s . These a r e t o a l l o w you t o be 
p r e p a r e d t o s t a r t t i m i n g . S h o r t l y a f t e r t h e b l u e marks a p p e a r , t h e 
f i r s t image w i l l a p p e a r . 
8 . Same a s number 2 . 
9 . ( G i v e n i m m e d i a t e l y a f t e r number 8 . ) 
You w i l l now hand a l l of t h e o b s e r v a t i o n s h e e t s , i n c l u d i n g 
t h e p r a c t i c e s e s s i o n o n e , t o me. 
F i g u r e 2 . I n s t r u c t i o n s G i v e n D u r i n g t h e E x p e r i m e n t 
T a b l e 9 . C o r r e c t Time V a l u e s , i n T h o u s a n d t h s of a M i n u t e , 
f o r Each E lemen t of Each Cycle 
F i l m 1 
Cyc le E lement 
Number Cycle 
Of 1 2 3 4 5 Time 
1 126 121 160 121 145 673 
2 130 133 191 112 83 649 
3 2 4 7 * 154 190 117 109 817 
4 127 179 180 150 97 733 
5 148*# 166 198 144 117 773 
6 137 155 161 121 144 718 
7 142 161 158 122 128 711 
8 125 174 158 103 179 739 
9 125 164 150 130 119 688 
10 2 4 3 # 102 169 107 169 790 
1 1 123 125 159 105 129 641 
# Toss two d e f e c t i v e s h i r t s a s i d e and w a i t 111 
** p u s h s t a c k of s h i r t s a s i d e - - 13 
# T o s s one d e f e c t i v e s h i r t a s i d e - - 3 8 
# Toss one d e f e c t i v e s h i r t a s i d e - - 5 4 
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T a b l e 1 0 . C o r r e c t Time V a l u e s , i n T h o u s a n d t h s of a M i n u t e , 
f o r Each E lemen t of Each Cycle 
F i l m 2 
Cycle E lement 
Number Cyc le 
Of 1 2 3 ^ 5 Time 
1 1 9 5 * 107 143 88 114 647 
2 121 120 188 94 95 609 
3 120 115 171 9 1 75 572 
4 116 80 199 114 74 563 
5 116 99 1 5 1 96 9 1 553 
6 122 112 157 100 126 617 
7 148** 94 222 112 100 676 
CO 118 101 170 110 105 604 
9 119 102 155 139 1 3 1 646 
10 115 123 150 116 132 636 
1 1 129 120 153 146 67 615 
* Push s t a c k of s h i r t s a s i d e - - 1 4 
** Push s t a c k of s h i r t s a s i d e - - 2 6 
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T a b l e 1 1 . C o r r e c t Time V a l u e s , i n T h o u s a n d t h s of a M i n u t e , 
f o r Each E l e m e n t of Each Cycle 
F i l m 3 
??°ie E l emen t „ , Number Cyc le 
Of 1 2 3 ^ 5 Time 
1 126 93 139 94 109 561 
2 121 93 139 97 148 598 
3 141 127 139 134 163 704 
4 121 129 149 95 137 631 
5 416* 122 184 101 114 937 
ON
 
1 55** 116 208 93 148 720 
7 125 99 179 99 186 688 
8 158# 139 158 101 114 670 
9 1 7 9 # 96 156 95 147 673 
10 117 103 149 114 117 600 
1 1 120 113 137 108 163 6 4 1 
* T o s s two d e f e c t i v e s h i r t s a s i d e and w a i t 296 
* * I r o n e d b a c k of s h i r t - - 6 2 
•f Push s t a c k of s h i r t s a s i d e - - 13 
# # Push s t a c k of s h i r t s a s i d e - - 3 5 
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T a b l e 1 2 . C o r r e c t Time V a l u e s , i n T h o u s a n d t h s of a M i n u t e , 
f o r Each E l e m e n t of Each Cycle 
F i l m 4 
Cycle 
Number Cycle 
Of 1 2 3 4 5 Time 
1 116 115 157 96 100 584 
2 122 97 142 109 113 583 
3 138 114 145 112 103 612 
4 148 125 165 107 132 677 
5 129* 103 141 167 132 672 
6 129 98 167 119 134 647 
7 136 100 159 105 1 0 1 6 0 1 
CO
 
2 6 0 * 9 1 174 129 97 751 
9 128 124 155 106 9 1 604 
10 123 1 0 1 159 86 119 588 
11 121 108 166 126 112 633 
* Push s t a c k of s h i r t s a s i d e - - 15 
* * I r o n e d back of s h i r t — 88 
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E lemen t 1 of Cycle 1 
Normal Time - (Average R a t i n g ) ( F r a m e Count Time) 
For Group I 
Normal Time = 1 0 0 + 1 3 0 + 10? x = l 4 o . 7 3 
For Group IV 
Normal Time - 8 0 + 100+• 70_ x l 8 l * I 5 O . 8 3 
C o r r e c t Normal Time = Normal Time - Group I -f* Normal Time - Group IV 
2 
A l l t i m e i n t h o u s a n d t h s of a m i n u t e 
F i g u r e 3 . Sample C a l c u l a t i o n f o r D e t e r m i n a t i o n of 
C o r r e c t Normal Time V a l u e s f o r Each E lemen t 
of Each Cycle f o r A l l F i l m s 
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T a b l e 1 3 . C o r r e c t E l e m e n t Normal Time V a l u e , i n T h o u s a n d t h s of a Minute 
f o r Each E lemen t of Each Cycle f o r A l l F i l m s 
Cycle E l e m e n t 
Number 
3f 1 2 
on 4 5 
1 1 4 5 . 7 2 1 0 6 . 7 0 1 4 8 . 1 2 9 5 . 5 0 1 2 5 . 3 8 
2 1 3 7 . 9 4 1 1 6 . 2 2 1 8 8 . 9 9 I O 6 . 6 7 1 2 5 . 0 2 
3 1 6 3 . 8 8 1 3 2 . 7 0 1 7 2 . 3 2 1 3 0 . 6 7 1 1 9 . 6 0 
4 1 3 6 . 1 9 1 1 7 . 2 1 1 8 6 . 3 7 1 2 2 . 0 8 1 1 2 . 3 1 
5 1 3 7 . 6 7 1 2 8 . 9 2 1 8 4 . 9 6 1 0 9 . 9 5 1 1 3 . 8 9 
6 1 4 7 . 2 3 129 .52 1 9 3 . 0 3 1 0 8 . 9 2 1 4 9 . 6 7 
7 2 0 2 . 0 8 1 1 0 . 1 1 2 1 9 . 1 2 1 1 8 . 9 7 1 4 9 . 4 3 
8 1 3 1 . 5 3 1 3 3 . 6 4 1 7 6 . 4 3 1 1 1 . 4 7 1 2 4 . 1 8 
9 1 3 7 . 6 5 1 1 3 . 1 0 1 7 4 . 6 7 1 2 2 . 1 5 1 4 7 . 2 1 
10 1 3 6 . 3 1 1 3 0 . 6 3 1 7 1 . 6 8 1 2 7 . 0 6 1 3 2 . 5 5 
1 1 1 4 2 . 7 5 1 3 1 . 9 2 1 6 7 . 4 4 1 3 6 . 0 5 1 2 3 . 5 1 
E l e m e n t 1 , Cycle 1 , F i l m 1 
C o r r e c t R a t i n g = C o r r e c t E l e m e n t Normal Time x 
Frame Count Time 
^ • J 2 x i o o = 1 1 5 . 6 5 $ 
126 
F i g u r e 4 . Sample C a l c u l a t i o n f o r D e t e r m i n a t i o n of 
C o r r e c t R a t i n g F a c t o r V a l u e s f o r Each E l e m e n t 
of Each Cycle f o r Each F i l m 
58 
T a b l e 1 4 . C o r r e c t E lement R a t i n g F a c t o r V a l u e s f o r 
Each E l e m e n t of Each Cycle f o r Each F i l m 
F i l m Cyc le E lemen t 
Number Number 
of of 1 2 3 4 5 
2 
1 1 1 5 . 6 5 8 8 . 1 8 9 2 . 5 8 7 8 . 9 3 8 6 . 5 7 
2 1 0 6 . 1 1 8 7 . 3 8 9 8 . 9 5 9 5 . 2 4 1 5 0 . 6 3 
3 1 2 0 . 5 0 8 6 . 1 7 9 0 . 6 9 1 1 1 . 6 8 1 0 9 . 7 2 
k 1 0 7 . 2 4 6 5 . ^ 1 0 3 . 5 4 8 1 . 3 9 1 1 5 . 7 8 
5 1 4 1 . 9 3 7 7 . 6 6 9 3 . 4 1 7 6 . 3 5 9 7 . 3 4 
6 1 0 7 . 4 7 8 3 . 5 6 1 1 9 . 8 9 9 0 . 0 2 1 0 3 . 9 4 
7 1 4 2 . 3 3 6 8 . 3 9 1 3 8 . 6 2 9 7 . 5 2 1 1 6 . 7 4 CO 1 05 .22 7 6 . 8 0 1 1 1 . 6 6 1 0 8 . 2 2 6 9 . 3 7 
9 1 1 0 . 1 2 6 8 . 9 6 1 1 6 . 4 5 9 3 . 9 5 1 2 3 . 7 1 
10 7 2 . 1 2 1 2 8 . 0 7 I O I . 5 9 1 1 8 . 7 5 7 8 . 4 3 
11 1 1 6 . 0 6 1 0 5 . 5 4 1 0 5 . 5 4 1 2 9 . 5 7 9 5 . 7 4 
1 8 O . 5 I 9 9 . 7 2 1 0 3 . 5 8 1 0 8 . 5 2 1 0 9 . 9 8 
2 1 1 4 . 0 0 9 6 . 8 5 1 0 0 . 5 3 1 1 3 . 4 8 1 3 1 . 6 0 
3 1 3 6 . 5 7 1 1 5 . 3 9 IOO.77 1 4 3 . 5 9 1 5 9 . 4 7 
k 1 1 7 . 4 1 1 4 6 . 5 1 104 .12 1 0 7 . 0 9 1 5 1 . 7 7 
5 1 1 8 . 6 8 130 .22 1 2 2 . 4 9 1 1 4 . 5 3 1 0 5 . 1 5 
6 1 2 0 . 6 8 1 1 5 . 6 4 1 2 2 . 9 5 1 0 8 . 9 2 1 1 8 . 7 9 
7 1 6 5 . 6 4 1 1 7 . 1 4 9 8 . 7 0 1 0 6 . 2 2 1 4 9 . 4 3 
8 1 1 1 . 4 7 1 3 2 . 3 2 1 0 3 . 7 8 1 0 1 . 3 4 1 1 8 . 2 7 
9 1 1 5 . 6 7 1 1 0 . 8 8 1 1 2 . 7 0 8 7 . 8 7 1 1 2 . 3 7 
10 1 1 8 . 5 3 1 0 6 . 2 0 1 1 4 . 4 5 1 0 9 . 5 3 1 0 0 . 4 2 
11 1 1 0 . 6 6 1 0 9 . 9 3 1 0 9 . 4 4 9 3 . 1 8 1 8 4 . 3 4 
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T a b l e 1 4 . C o r r e c t E lement R a t i n g F a c t o r V a l u e s f o r 
Each E lemen t of Each Cycle f o r Each F i l m 
( C o n t i n u e d ) 
F i l m Cycle E l e m e n t 
Number Number 
of of 1 2 3 4 5 
1 1 1 5 . 6 5 1 1 4 . 7 3 1 0 6 . 5 6 1 0 1 . 6 0 1 1 5 . 0 3 
2 1 1 4 . 0 0 1 2 4 . 9 7 1 3 5 . 9 6 1 0 9 . 9 7 8 4 . 4 7 
3 1 1 6 . 2 3 1 0 4 . 4 9 1 2 3 . 9 7 9 7 . 5 1 7 3 . 3 7 
4 1 1 2 . 5 5 9 0 . 8 6 1 2 5 . 0 8 1 2 8 . 5 1 8 1 . 9 8 
5 1 1 4 . 7 3 1 0 5 . 6 7 100 .52 1 0 8 . 8 6 9 9 . 9 0 
6 1 0 3 . 6 8 1 1 1 . 6 6 9 2 . 8 0 1 1 4 . 6 5 1 0 1 . 1 3 
7 1 6 1 . 6 6 111 .22 1 2 2 . 4 1 1 2 0 . 1 7 8 0 . 3 4 
CO
 
1 0 6 . 9 3 9 6 . 1 4 1 1 1 . 6 6 1 1 0 . 3 7 1 0 8 . 9 3 
9 1 1 7 . 6 4 1 1 7 . 8 1 1 1 1 . 9 7 1 2 8 . 5 7 1 0 0 . 1 4 
10 H 6 . 5 0 1 2 6 . 8 3 1 1 5 . 2 2 1 1 1 . 4 6 1 1 3 . 2 9 
1 1 I I 8 . 9 6 1 1 6 . 7 4 1 2 2 . 2 2 1 2 5 . 9 7 7 5 . 7 7 
1 1 2 5 . 6 2 9 2 . 7 8 9 4 . 3 4 9 9 . 4 8 1 2 5 . 3 8 
2 1 1 3 . 0 7 1 1 9 . 8 1 1 3 3 . 0 9 9 7 . 8 6 1 1 0 . 6 4 
3 1 1 8 . 2 8 1 1 6 . 4 0 1 1 8 . 8 4 I I 6 . 6 7 1 1 6 . 1 2 
4 9 2 . 2 2 9 3 . 7 7 1 1 2 . 9 5 1 1 4 . 0 9 8 5 . 0 8 
5 1 2 0 . 7 6 1 2 5 . 1 7 1 3 1 . 1 8 6 5 . 8 4 8 6 . 2 8 
6 1 1 4 . 1 3 1 3 2 . 1 6 1 1 5 . 5 9 9 1 . 5 3 1 1 1 . 6 9 
7 1 4 8 . 5 9 1 1 0 . 1 1 1 3 7 . 8 1 1 1 3 . 3 0 1 4 7 . 9 5 
8 7 6 . 4 7 1 4 6 . 8 6 1 0 1 . 4 0 8 6 . 4 1 1 2 8 . 0 2 
9 1 0 7 . 5 4 9 1 . 2 1 1 1 2 . 6 9 1 1 5 . 2 3 1 6 1 . 7 7 
10 1 1 0 . 8 2 1 2 9 . 3 4 1 0 7 . 9 7 1 4 7 . 7 4 1 1 1 . 3 9 
1 1 1 1 7 . 9 8 1 2 2 . 1 5 1 0 0 . 8 7 1 0 7 . 9 8 1 1 0 . 2 8 
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E lement 1 , F i l m 1 
Cycle C o r r e c t E l e m e n t 
Number E lemen t Frame 
Of Normal Count 
Time 
1 1 4 5 . 7 2 126 
2 1 3 7 . 9 4 130 
3 I 6 3 . 8 8 136 
4 1 3 6 . 1 9 127 
5 1 3 7 . 6 7 97 
6 1 4 7 . 2 3 137 
7 2 0 2 . 2 8 142 
CO
 
1 3 1 . 5 3 125 
9 1 3 7 . 6 5 125 
10 1 3 6 . 3 1 189 
1 1 1 4 2 . 7 5 123 
T o t a l s 1 6 1 8 . 9 5 1457 
Average C o r r e c t Normal Time z 
1 1 
C o r r e c t E l e m e n t Normal Time 
Number of C y c l e s 
Average Frame Count Time 
1 6 1 8 . 9 5 
1 1 1 4 7 . 1 8 
1 1 
E lemen t Frame Count 
1457 
11 
Number of C y c l e s 
1 3 2 . 4 5 
C o r r e c t E l emen t R a t i n g Va lue = Average C o r r e c t Normal Time 
Average Frame Count Time 
X 100 
ffi'*? X 100 = 111.1236 
1 3 2 . 9 5 
F i g u r e 5 . Sample C a l c u l a t i o n f o r D e t e r m i n a t i o n of 
C o r r e c t " O v e r - A l l " R a t i n g F a c t o r V a l u e s f o r 
Each E lemen t f o r Each F i l m 
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T a b l e 1 5 . C o r r e c t " O v e r - A l l " E a t i n g F a c t o r V a l u e s f o r 
Each E lement of Each F i l m 
F i l m E l e m e n t 
Number 
Of 1 2 3 
1 1 1 1 . 1 2 8 2 . 6 6 1 0 5 . 8 2 9 6 . 8 1 1 0 0 . 2 6 
2 1 1 7 . 4 1 1 1 5 . 1 4 1 0 7 . 8 4 1 0 6 . 9 2 1 2 8 . 1 7 
3 1 1 7 . 9 1 1 0 9 . 8 1 1 1 4 . 1 7 1 1 3 . 6 2 9 2 . 0 2 
4 I I I . 6 5 1 1 3 . 6 0 1 1 5 . 0 3 1 0 0 . 4 3 1 0 9 . 9 5 
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Cycle 1 
C o r r e c t Rat ing , V a l u e = Sum of C o r r e c t E l e m e n t Normal Time 
Sum of E l emen t Frame Count Time A x u u 
1 4 5 . 7 2 + 1 0 6 . 7 0 + 1 4 8 . 1 2 4- 9 5 . 5 0 + 1 2 5 . 3 8 
126 + 1 2 1 + 160 + 1 2 1 + 145 
9 2 . 3 4 ^ 
F i g u r e 6 . Sample C a l c u l a t i o n f o r D e t e r m i n a t i o n of 
C o r r e c t R a t i n g F a c t o r V a l u e s f o r 
Each Cyc le of Each F i l m 
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T a b l e 1 6 . C o r r e c t Cycle R a t i n g F a c t o r V a l u e s f o r Each Cyc le of Each F i l m 
Cyc le F i l m 
Number 
of 1 2 3 4 
1 9 2 . 3 4 9 8 . 1 7 1 1 0 . 7 7 1 0 6 . 4 1 
2 1 0 3 . 9 8 1 0 9 . 2 0 1 2 4 . 0 5 1 1 5 . 7 5 
on I O I . 8 7 1 2 5 . 7 3 1 0 2 . 1 5 1 1 7 . 5 1 
4 9 1 . 9 7 1 1 9 . 7 4 1 1 3 . 3 0 9 9 . 5 8 
5 9 3 . 5 4 1 2 2 . 1 3 1 0 5 . 3 7 1 0 2 . 8 0 
6 1 0 1 . 4 4 1 1 8 . 0 5 1 0 2 . 7 3 1 1 2 . 5 8 
7 1 1 2 . 4 8 1 2 3 . 0 3 1 1 7 . 2 4 1 3 3 . 0 6 
8 9 1 . 6 4 1 1 2 . 1 3 . 0 6 . 6 5 1 0 2 . 1 5 
9 1 0 0 . 9 3 1 0 7 . 5 5 1 1 3 . 7 1 1 1 5 . 0 3 
10 9 4 . 3 7 10Q. 78 1 I6 .37 7 1 1 3 . 7 5 






C o r r e c t 
Time 
C o r r e c t 
R a t i n g 




1 673 9 2 . 3 4 6 2 1 . 4 5 
2 649 1 0 3 . 9 3 6 7 4 . 4 8 
3 706 1 0 1 . 8 7 7 1 9 . 2 0 
4 733 9 1 . 9 7 6 7 4 . 1 4 
5 722 9 3 . 5 4 6 7 5 . 3 6 
6 718 1 0 1 . 4 4 7 2 8 . 3 4 
7 711 1 1 2 . 4 8 7 9 9 . 3 3 
CO
 
739 9 1 . 6 4 6 6 6 . 3 1 
9 688 IOO.98 6 9 4 . 7 4 
10 736 9 4 . 8 7 6 9 8 . 2 4 
1 1 641 1 0 9 . 4 6 7 O I . 3 ? 
T o t a l 7 6 5 2 . 9 8 
C o r r e c t Normal Time = Sum of C o r r e c t Cycle Normal Time V a l u e s x 1_ 
Number of C y c l e s 1000 
X TnnTT - °* 69570 m i n u t e s 
F i g u r e 7 . Sample C a l c u l a t i o n f o r D e t e r m i n a t i o n of C o r r e c t 










C o r r e c t 
R a t i n g 
Normal 
Time 
1 635 9 8 . 1 7 6 2 3 . 3 8 
2 609 1 0 9 . 2 0 665.O3 
3 572 1 2 5 . 7 3 7 1 9 . 1 8 
4 563 1 1 9 . 7 4 6 7 4 . 1 4 
5 553 1 2 2 . 1 3 6 7 5 . 3 8 
6 617 1 1 8 . 0 5 7 2 8 . 8 4 
7 650 1 2 3 . 0 3 7 9 9 . 7 0 
CO 604 1 1 2 . 1 3 6 7 7 . 2 7 
9 646 1 0 7 . 5 5 6 9 4 . 4 8 
10 636 1 0 9 . 7 8 6 9 8 . 2 0 
1 1 615 1 1 4 . 0 9 7 0 1 . 6 5 
T o t a l 7657 .22 
C o r r e c t Normal Time = Sum of C o r r e c t Cycle Normal Time V a l u e s 1 
Number of C y c l e s 1000 
7657 .22 x 1 
11 1000 
z O . 6 9 6 I I m i n u t e s 
F i g u r e 8 . Sample C a l c u l a t i o n f o r D e t e r m i n a t i o n of C o r r e c t 
Normal Time V a l u e s f o r Method B 
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For A l l Groups 
Cyc le 
Number 
C o r r e c t Normal Time f o r 
E lement 
T o t a l 
C o r r e c t 
E l e m e n t 
)f 1 2 3 4 5 Normal 
Time 
1 1 4 5 . 7 2 1 0 6 . 7 0 1 4 8 . 1 2 9 5 . 5 0 1 2 5 . 3 8 6 2 1 . 4 2 
2 1 3 7 . 9 4 1 1 6 . 2 2 1 8 8 . 9 9 1 0 6 . 6 7 1 2 5 . 0 0 5 3 6 . 9 0 CO 1 6 3 . 8 8 1 3 2 . 7 0 1 7 2 . 3 2 1 3 0 . 6 7 1 1 9 . 6 0 7 1 9 . 1 7 
4 1 3 6 . 1 9 1 1 7 . 2 1 1 8 6 . 3 7 1 2 2 . 0 8 1 1 2 . 3 1 6 7 4 . 1 6 
5 1 3 7 . 6 7 1 2 8 . 9 2 1 8 4 . 9 6 1 0 9 . 9 5 1 1 3 . 8 9 5 3 7 . 3 7 
6 1 4 7 . 2 3 1 2 9 . 5 2 1 9 3 . 0 3 1 0 8 . 9 2 1 4 9 . 6 7 7 2 8 . 3 7 
7 2 0 2 . 0 8 1 1 0 . 1 1 2 1 9 . 1 2 1 1 8 . 9 7 1 4 9 . 4 3 7 9 9 . 7 1 
8 1 3 1 . 5 3 1 3 3 . 6 4 1 7 6 . 4 3 1 1 1 . 4 7 1 2 4 . 1 8 6 7 7 . 2 5 
9 1 3 7 . 6 5 1 1 3 . 1 0 1 7 4 . 6 7 1 2 2 . 1 4 1 4 7 . 2 1 6 0 4 . 7 7 
10 1 3 6 . 3 1 1 3 0 . 6 3 1 7 1 . 6 8 1 2 7 . 0 6 1 3 2 . 5 5 6 9 8 . 2 3 
1 1 1 4 2 . 7 5 1 3 1 . 9 2 1 6 7 . 4 4 1 3 6 . 0 5 1 2 3 . 5 1 7 0 0 . 6 7 
T o t a l 7 3 8 8 . 3 7 
C o r r e c t Normal Time * 7388^37 x a m i n u t e s 
C o r r e c t Normal Time - Sum of T o t a l C o r r e c t E l emen t Normal Time V a l u e s ^ 1 
Number of C y c l e s 1000 
7 ^ 3 7 z , O .67 I67 m i n u t e s 
F i g u r e 9» Sample C a l c u l a t i o n f o r D e t e r m i n a t i o n of 
C o r r e c t Normal Time V a l u e s f o r Method C 
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Group I I 
Cycle 
Number 
Of 1 2 
C o r r e c t Time f o r 
E lemen t 
3 4 5 
1 126 121 160 1 8 1 145 
2 130 133 191 112 8 3 
ro 136 154 190 117 109 
4 127 179 180 150 97 
5 97 166 198 144 117 
6 137 155 161 1 2 1 144 
7 142 161 158 122 128 
8 125 174 158 103 179 
9 125 164 150 130 119 
10 189 102 I 6 9 107 169 
1 1 123 125 159 105 129 
C o r r e c t 
R a t i n g 1 1 1 . 1 2 8 2 . 6 6 1 0 5 . 8 2 9 6 . 8 1 1 0 0 . 2 6 
F a c t o r 
J~ C o r r e c t E l e m e n t Time 
C o r r e c t Normal Time = 1 0 " 5 / - 1 N u m - b e r o f C y c l e s * C o r r e c t R a t i n g B a c t o r 
z 10 J I 69687 z O.69687 m i n u t e s , 
where e i s t h e number of e l e m e n t s a n d c i s t h e number of c y c l e s . 
F i g u r e 1 0 . Sample C a l c u l a t i o n f o r D e t e r m i n a t i o n of 
C o r r e c t Normal Time V a l u e s f o r Method D 




i n Minu te s 
Measured 
Cycle 





i n M i n u t e s 
.590 90 • 5310 
• 550 95 .5225 
. 5 8 9 80 .4712 
.640 88 .5632 
. 659 80 .5272 
.610 90 .5490 
.610 90 .5490 
.630 90 .5670 
.600 95 .4800 
.626 100 .6260 
.550 110 .6050 
T o t a l 5 - 9 9 1 1 
Normal Time z Sum of Measured Cycle Normal Time V a l u e s Number of C y c l e s X 100 
2 « ? ? 1 1 - 0 . 5 4 4 6 0 m i n u t e s . 
11 
N o t e : Where a p p l i c a b l e f rame c o u n t t i m e f o r f o r e i g n e l e m e n t s have 
b e e n s u b t r a c t e d f rom m a n ' s r e a d i n g 
F i g u r e 1 1 . Sample C a l c u l a t i o n f o r D e t e r m i n a t i o n of 




Cycle Measured Measured Cyc le 
Number Cycle Cyc le Normal 
Of Time R a t i n g Time 
1 . 5 0 6 95 . 4 8 0 7 
2 . 440 95 .4180 
3 . 440 110 .k8k0 
4 . 430 100 . 4300 
5 , 440 90 .3960 
6 . 4 9 0 8 5 .4165 
7 . 544 8 5 . 4624 
8 . 4 7 0 100 .4700 
9 . 530 99 , 5247 
10 .500 90 .4500 
1 1 . 540 8 5 
T o t a l 
. 4590 
4 . 9 9 1 3 
Measured Cyc le Normal Time = Measured Cyc le Time X Measured Cyc le R a t i n g 
100 
Measured Normal Time r S u m o f C y c l e N o r m a l T l m e V a l u e 
Number of C y c l e s 
= ^ 9 9 ^ 3 = 0 . 4 5 3 7 5 m i n u t e s . 
N o t e : Where a p p l i c a b l e , f rame c o u n t t i m e f o r f o r e i g n e l e m e n t s have b e e n 
s u b t r a c t e d from m a n ' s w a t c h r e a d i n g . 
F i g u r e 1 2 . Sample C a l c u l a t i o n f o r D e t e r m i n a t i o n of 
Measured Normal Time V a l u e s f o r Method B 
Man 1 
C y c l e E lemen t C y c l e 
Number Normal 
Of 1 2 3 ^ - 5 Time 
1 = .100 X 100 .080 X 99 .100 X 90 .080 X 110 .080 x 9 P B .43320 
2 3 . 120 X 99 .060 X 105 .110 X 92 .080 X 110 .120 X 90 s .47900 
3 s .180 X 95 .100 X 90 . 1 2 0 X 94 . 100 X 99 .130 x 85 s .53580 
4 s . 120 X 90 .100 X 100 .120 X 95 .100 X 90 .100 X 99 s .51190 
5 3 .084 X l o o .100 X 100 .150 X 90 . 0 9 0 X 100 .100 x 95 s .50400 /• 0 S .127 X 95 .090 X 100 .190 X 85 .080 X 105 .120 X 90 = .56415 
7 S .110 X 105 .080 X 110 .150 X 90 . 0 9 0 X 102 . 150 x 90 s .56530 
CO
 
3 . 1 0 5 X 90 .130 X 99 .130 X 100 .090 X 100 .0S0 X 110 a .53120 
9 = . 198 X 100 .090 X 100 . 130 X 99 .080 X 105 .120 X 98 s .60870 
10 s . 120 X 105 .080 X 105 .120 X 98 .100 X 100 .100 x 105 3 .53260 
1 1 = .130 X 100 .080 X 100 .120 X 98 . 100 X 100 . 140 X 98 s .66480 
T o t a l 5 . 8 3 1 6 5 
Measured C y c l e Normal Time - Sum of t h e Measured E lement T imes X E lemen t R a t i n g s 
100 
Measured Normal Time = Bum o f t h e C y c l e Normal Times _ 5 . 8 3 1 3 6 5 B 0 . 5 3 0 1 5 m i n u t e s 
Number o f C y c l e s 1 1 
N o t e : Where a p p l i c a b l e , f rame c o u n t t i m e f o r f o r e i g n e l e m e n t s h a v e b e e n s u b t r a c t e d from m a n ' s r e a d i n g . 
F i g u r e 1 3 . Sample C a l c u l a t i o n f o r D e t e r m i n a t i o n o f 
Measured Normal Time V a l u e s f o r Method C 
71 
Man 1 
Cyc le E lemen t 
Number 
Of 1 2 3 4 5 
1 .100 .080 .150 .070 .070 
2 .120 .080 .110 .100 . 090 
3 . 130 .090 .120 .090 . 080 
4 .150 .080 .130 .090 . 100 
5 .105 .080 .110 .140 . 100 
6 .120 .080 .130 .100 .110 
7 .120 .080 .130 .090 .090 
8 .132 . 070 .140 .100 .070 
9 .120 .090 .120 .100 . 070 
10 .120 .070 .130 .060 .100 
1 1 .120 .100 .120 .100 .100 
T o t a l s 1 .337 .900 1 .390 1 .040 . 980 
R a t i n g F a c t o r 99 105 100 95 100 
e c 
y~ E l e m e n t Time 
Measured Normal Time = - A - > 1 X E lemen t R a t i n g I 
100 I— 
1 
Number of C y c l e s 
s 5114-5 - 0 . 5 1 1 4 5 m i n u t e s , where e i s t h e number of e l e m e n t s a n d 
c i s t h e number of c y c l e s . 
F i g u r e 1 4 . Sample C a l c u l a t i o n f o r D e t e r m i n a t i o n of Measured 
Normal Time V a l u e s f o r Method D. 
72 
A n a l y s i s of V a r i a n c e T a b l e 
S o u r c e Model S u b s c r i p t Symbol Number o f 
L e v e l s 
Method I j M J « k 
O r d e r I k 0 K z 4 
Men I I 1 t L « 3 
Model I d e n o t e s a f i x e d e f f e c t , and Model I I d e n o t e s a random 
v a r i a t e . S i n c e t h e t i m e s t u d y men v a r i a b l e i s n e s t e d I n t h e o r d e r 
v a r i a b l e , t h e number o f l e v e l s f o r t i m e s t u d y men i s 3 i n s t e a d o f 1 2 , 
S i n c e t i s n e s t e d i n 0 , k i s a " d e a d " o r " u n e s s e n t i a l " s u b s c r i p t . 
From t h e model e q u a t i o n , t h e e x p e c t e d v a l u e s o f t h e mean s q u a r e s 
i s d e t e r m i n e d . T h e s e a r e g i v e n b e l o w . 
S o u r c e E x p e c t e d V a l u e o f Mean S q u a r e s 
2 2 
M 4 * KL CT M 
2 2 
0 J 0 T t ( 0 ) 4 - J L o 
_ 2 
t J C T t ( o ) 
2 2 
MO c r Mt + L C T W 
Mt & Mt 
F i g u r e 15* D e t e r m i n a t i o n o f E x p e c t e d V a l u e s 
o f Mean S q u a r e s - F o u r Method A n a l y s i s 
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A n a l y s i s of V a r i a n c e T a b l e 
S o u r c e Model S u b s c r i p t Symbol Number of 
L e v e l s 
C y c l e s I I i c 1 : 1 1 
Method I J M J = 3 
Order I k 0 K - k 
Men I I 1 t L r 3 
Model I d e n o t e s a f i x e d e f f e c t , a n d Model I I d e n o t e s a random 
v a r i a t e . 
x , 4 , _ z/{ 4- C. / \ 4 M + 0 4 t , + MO , 4 c t , w , . _ i j k l a i ( J k ) J k ( k ) l ft i ( j ) ( k ) l 
4 Mt 
J O O i 
S i n c e t i s n e s t e d i n 0 , k i s a " d e a d " or " u n e s s e n t i a l " 
s u b s c r i p t , c i s n e s t e d i n M; t h e r e f o r e , j i s a " d e a d " or u n e s s e n t i a l " 
s u b s c r i p t . A l s o , c i s n e s t e d i n 0 . 
The e x p e c t e d v a l u e s of t h e mean s q u a r e s a r e shown b e l o w . 
S o u r c e E x p e c t e d V a l u e Of Mean S q u a r e s 
c 
< T c t 4 L ° 1 
M 2 
c r c t + 
T C T M t 4 < 
0 2 4 - UL 
t 2 CT c t i c r
2 
w Mt 
+ I J 
MO <r2ct + L c r
2 
c 





c t < r 2 t 
F i g u r e 1 6 . D e t e r m i n a t i o n of E x p e c t e d V a l u e s of Mean 
S q u a r e s - T h r e e Method A n a l y s i s 
74 
T a b l e 1 7 . Time S t u d y Mens ' P r e f e r e n c e of a n d P e r f o r m a n c e 
on Methods A, B , a n d C 
Time Method Method 
S tudy Time of 
Men S t u d y B e s t 
Number Men P e r f o r m a n c e 







































1 . Leng , R. B . , O b s e r v a t i o n a l E r r o r a n d Economy i n Time S t u d y . 
U n p u b l i s h e d M. S , T h e s i s , New York U n i v e r s i t y , 1 9 4 1 , p . 3 - 4 . 
2 . B a r n e s , R. M. , Mot ion a n d Time S t u d y , 3 r d e d . , New York : John 
Wi ley a n d S o n s , I n c . , 1 9 4 9 , p . 3 3 3 . 
3 . N a d l e r , G e r a l d , Mot ion a n d Time S t u d y . New York : McGraw-Hi l l 
Book C o . , I n c . , 1955.» P* 1 7 « . 
4 . P r e s g r a v e , R a l p h , The Dynamics of Time S t u d y , T o r o n t o : 
Ambassador B o o k s , L t d . , 1 9 4 4 , p . 1 2 . 
5 . Lowery, Maynard, a n d S t e g e m e r t e n , Time a n d Mot ion S t u d y , 3*"d e d . . 
New York : McGraw-Hi l l Book C o . , I n c . , 1 9 4 0 , p p . 1 9 1 , 1 9 2 . 
6 . T r a i n i n , M. , " E f f i c i e n c y i n S top -Watch T i m i n g , " Time a n d Mot ion 
S t u d y , 4 , A p r i l 1 9 5 5 , p . 1 4 . 
7 . L i t t a u e r , S . B . , a n d A. A b r u z z i , "Survey of Time S t u d y P r a c t i c e , " 
P e r s o n n e l , 2 6 , Sep tember 1 9 4 9 , p . 1 2 9 . 
8 . S t e g e m e r t e n , G. J . , " S t e p s Taken i n Making Job Time S t u d y , " 
I r o n A g e , 1 3 1 , March 2 , 1 9 3 3 , p . 3 5 0 . 
9 . Morrow, R. L . , Time S t u d y a n d Mot ion Economy, New York : The 
R o n a l d P r e s s C o . , 1 9 4 6 , p . 1 0 2 . 
1 0 . N i s s l e y , H. R . , " R e l i a b i l i t y of Time S t u d y S t a n d a r d s , " 
M i l l a n d F a c t o r y , 4 1 , November 1 9 4 7 , p . 106. 
1 1 . L i t t a u e r and A b r u z z i , o p . c i t . , p . 1 3 0 . 
1 2 . L e h r e r , R. N . , a n d J . J . Moder, " S t a t i s t i c s i n Time S t u d y , " The 
J o u r n a l of I n d u s t r i a l E n g i n e e r i n g , 4 , F e b r u a r y 1 9 5 3 , P . 1 0 . 
1 3 . B a r n e s , o p . c i t . , p . 3 4 9 . 
1 4 . I b i d . , p . 3 6 8 . 
1 5 . I b i d . , p . 3 6 8 . 
1 6 . Lowry, Maynard , a n d S t e g e m e r t e n , o p . c i t . , p . 1 3 0 . 
i ? - I b i d . , p p . 2 5 8 - 2 5 9 . 
76 
1 8 . B a r n e s , o p . c i t . , p . 369* 
1 9 . L i t t a u e r a n d A b r u z z i , o p . c i t . , p . 1 3 0 . 
2 0 . B a r n e s , o p . c i t . , p . 367. 
2 1 . B a r n e s , o p . c i t . , p . 374 . 
2 2 . Cohen, L . , a n d L . S t r a u s s , "Time S t u d y a n d The F u n d a m e n t a l N a t u r e 
of Manual S k i l l , " J o u r n a l of C o n s u l t i n g P s y c h o l o g y , 1 0 , March-
A p r i l 1 9 4 6 , p . 1 5 2 . 
2 3 . D a v i s , L. E . , " P r o p o s a l f o r Improvement of Time S t u d y , " 
M e c h a n i c a l World a n d E n g i n e e r i n g R e c o r d , 1 2 6 , J u l y 1 , 1 9 4 9 , P . 9 . 
2 4 . G a r d , 0 . W., An E x p e r i m e n t a l S t u d y a n d A n a l y s i s of Time S t u d y 
E a t i n g A b i l i t i e s a s A f f e c t e d by t h e S t o p Watch . U n p u b l i s h e d 
M. S . T h e s i s , G e o r g i a I n s t i t u t e of T e c h n o l o g y , 1 9 5 1 , p p . 4 2 - 4 3 . 
2 5 . Munde l , M. E . , "Time S t u d y R e s e a r c h , P a r t IV, A l l o w a n c e s , " 
Advanced Management , 1 5 , Oc tobe r 1 9 5 0 , p p . 2 2 - 2 4 . 
2 6 . P r e s g r a v e , o p . c i t . , p . 1 7 9 . 
2 7 . D a v i s , o p . c i t . , p p . 9 - 1 0 . 
2 8 . L e n g , o p . c i t . , p r e f a c e . 
2 9 . I b i d . , p . 1 1 9 . 
3 0 . Swerd lowe , C. D . , a n d R. W. L l e w e l l y n , " C r i t i c a l I n v e s t i g a t i o n 
of C o n t i n u o u s a n d Snap-Back Methods of T a k i n g Time S t u d i e s , " 
N o r t h C a r o l i n a S t a t e C o l l e g e A g r i c u l t u r e a n d E n g i n e e r i n g 
E x p e r i m e n t S t a t i o n B u l l e t i n No. 4 3 . F e b r u a r y 1 9 ^ 9 . P . 2 3 . 
3 1 . L a z a r a s , I . P . , " N a t u r e of S t o p Watch Time S t u d y E r r o r s , " 
Advanced Management, 1 5 , May 1 9 5 0 , p . 1 6 . 
3 2 . C o o l i n g , W. C , a n d L . C. T h i e l , " V a r i a b l e s i n S h o r t O p e r a t i o n 
C y c l e s , " M i l l a n d F a c t o r y , 5 5 , December 1 9 5 4 , p p . 1 1 9 - 1 2 0 , 
3 3 . N a d l e r , G e r a l d , " S t a t i s t i c a l A i d s f o r A c c u r a t e S t a n d a r d D a t a , " 
Advanced Management, 1 6 , November 1 9 5 1 . P P . 1 1 - 1 5 * 
3 4 . L e h r e r , R. N , , " S t a t i s t i c a l Work Measurement C o n t r o l , " Advanced 
Management, 1 7 , A u g u s t 1 9 5 2 , p p . 1 0 - 1 1 . 
3 5 . W i l k i n s o n , G. D . , " A p p l i c a t i o n of S t a t i s t i c a l T e c h n i q u e s i n 
Time S t u d y , " M e c h a n i c a l E n g i n e e r , 7 3 , November 1 9 5 1 , p p . 9 0 6 - 9 0 9 . 
77 
3 6 . N a d l e r , G e r a l d , Mot ion a n d Time S t u d y . New York : M c G r a v - H i l l 
Book C o . , 1 9 5 5 , P P . 3 7 5 - 3 7 8 . 
3 7 . L e h r e r a n d Moder , o p . c l t , , p p . 1 0 - 1 1 , 
3 8 . I b i d . , p . 1 1 . 
3 9 . F o r r e s t e r , G e o r g e , A S t a t i s t i c a l A n a l y s i s of Some of t h e Causes 
of Timed V a r i a t i o n i n S top -Watch Time S t u d y . U n p u b l i s h e d M. S , 
T h e s i s , G e o r g i a I n s t i t u t e of T e c h n o l o g y , 1 9 5 3 , P P . 1 7 - 1 8 . 
4 0 . R o d g e r s , W,, a n d J . Haramersley, "The C o n s i s t e n c y of S top -Watch 
Time S t u d y P r a c t i t i o n e r s , " 0 c c u p a t i o n a 1 P s y c h o l o g y . 2 8 , A p r i l 
1 9 5 4 , p . 6 9 . 
4 1 . A n o n , , "Accuracy a n d Use of Time S t u d y , " O p e r a t i o n a l R e s e a r c h 
Q u a r t e r l y , 6 , March 1 9 5 5 , P . 1 5 . 
4 2 . G r e e n , W. £ . , An A n a l y s i s of E lemen t -T ime D i s t r i b u t i o n s . U n p u b l i s h ­
e d M. S . T h e s i s , Geo rg i a I n s t i t u t e of T e c h n o l o g y , 1 9 5 5 , P . 5 7 . 
4 3 . S c h u l t z , E . F . , J r . , "Ru le s of Thumb f o r D e t e r m i n i n g E x p e c t a t i o n s 
of Mean S q u a r e s i n A n a l y s i s of V a r i a n c e , " B i o m e t r i c s , 1 1 , 
J u n e 1 9 5 5 , P P . 1 2 3 - 1 3 5 . 
4 4 . Mood. , A. M. , I n t r o d u c t i o n To The Theory of S t a t i s t i c s , New York: 
McGraw-Hi l l Book C o . , I n c . , 1 9 5 0 , p p . 4 2 6 - 4 2 7 . 
4 5 . I b i d . , p . 4 2 6 - 4 2 7 . 
